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Please add the following new claim: 




-72. (NEW) The method of 




ckim 28, wherein the 



B7-2 is human B7-2.-- 



REMARKS 



The specification and Abstract of the Disclosure have been amended to correct minor 
informalities. The Abstract of the Disclosure has been replaced to more accurately describe the 
present invention. Applicants submit herewith a "Version with Markings to Show Changes 
Made to the Specification and Abstract of the Disclosure" as Appendix A which indicates the 
specific amendments made to the Application. No new matter has been added by way of these 
amendments. 

Claims 63-64 and 68-69 have been cancelled without prejudice herein. New claim 72 is 
added. Accordingly, claims 28, 65, 66, 67, and 70-72 are presently pending in the application. It 
is Applicants' understanding that a search has been completed for the species of the agent which 
inhibits B7-2 binding with its natural ligand which is an antibody which recognizes B7-2. It is 
further Applicants understanding that this election is for searching purposes only and upon 
allowance of the elected claims, the generic claims will also be searched and Applicants will be 
entitled to consideration of claims to additional species which are written in dependent form or 
otherwise include all the limitations of an allowed generic claim as provided by 37 C.F.R. 
§1.141. Applicants submit that Claims 28, 67, 70, 71, and 72 are generic claims. 

Filing Date of the Instant Claims 

The Examiner has deemed the filing date of the instant claims to be the filing date of the 
priority application USSN 08/280,757, filed 7/26/94. The Examiner states that the previous 
priority applications do not provide sufficient written description for the claimed methods of 
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inhibiting an interaction of a B lymphocyte antigen B7-2 with its natural ligand on the surface of 

an immune cell, an agent which inhibits B7-2 binding with its natural ligand, antibody reactive 

with CD28, antibody reactive with CTLA4, antibody reactive with a cytokine, a CTLA4Ig fusion 

protein, a CD28Ig fusion protein, and an immunosuppressive drug. More specifically, referring 

to these limitations, the Examiner states: 

While USSN 08/101,624 discloses monoclonal or chimeric antibodies reacted with the 
described B7 molecules for immunotherapy as well as monomeric B7 molecules for 
downregulating or preventing B lymphocyte antigen functions; USSN 08/101,624 does 
not disclose the "limitations" indicated above. 

It is Applicants' position that earlier priority documents (e.g., USSN 08/101,624) disclose 
inhibiting an interaction of a B lymphocyte antigen B7-2 with its natural ligand on the surface of 
an immune cell, an agent which inhibits B7-2 binding with its natural ligand, antibody reactive 
with CD28, antibody reactive with CTLA4, antibody reactive with a cytokine, a CTLA4Ig fusion 
protein, a CD28Ig fusion protein, and an immunosuppressive drug. In response, Applicants 
provide the following detailed analysis of the support for these limitations in USSN 08/101,624. 

Inhibiting an Interaction of a B Lymphocyte Antigen B7-2 With its Natural Ligand on the 
Surface of an Immune Cell and An Agent Which Inhibits B7-2 Binding With Its Natural 
Ligand 

Support for the limitation "inhibiting an interaction of a B lymphocyte antigen B7-2 with 
its natural ligand on the surface of an immune cell" is found throughout USSN 08/101,624. 
More specifically, direct support is found at least in the Summary on page 5, line 19-28: 

The invention also provides methods for inducing tolerance in a subject by, for 
example, blocking the functional interaction of the novel B lymphocyte antigens 
of the invention, e.g., B7-2 and B7-3, to their natural ligand(s) on T cells or other 
immune system cells, to thereby block co-stimulation through the receptor-ligand 
pair. In one embodiment, molecules that can be used to block the interaction of 
the human B7-2 antigen to its natural ligands (e.g., CTLA4 and CD28) include 
soluble B7-2, antibodies that block the binding of B7-2 to its ligands and fail to 
deliver a co-stimulatory signal (so called "blocking antibodies") and B7-2-Ig 
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fusion proteins, which can be produced in accordance with the teaching of the 
present invention. 

This passage also provides support for the use of agents which inhibit B7-2 binding with its 

natural ligand. Specific agents supported are antibodies which bind B7-2, antibodies which bind 

CTLA4 and CD28 (blocking antibodies), and B7-2-Ig fusion proteins. 

The concept of inhibiting an interaction of a B lymphocyte antigen B7-2 with its natural 

ligand on the surface of an immune cell is also discussed on page 11, line 8-13: 

Nucleic acid fragments which encode polypeptides which retain the ability to 
bind to their natural ligand(s) on T cells and either amplify or block activated T 
cell mediated immune responses (as evidenced by, for example, lymphokine 
production and/or T cell proliferation by T cells that have received a primary 
activation signal) are considered within the scope of the invention, (emphasis 
added) 

This passage also provides support for the specific agent nucleic acid fragments which 
encode polypeptides which retain the ability to bind to their natural ligands to block an immune 
response. 

Additional agents which might block the interaction of B7-2 with its natural receptor on 
the surface of an immune cell are discussed at least on page 22, line 1-4, under the heading of 
"Modifications of Nucleic Acid and Amino Acid Sequences," which reads: 

Furthermore, the DNA sequence of B lymphocyte antigens can be modified by genetic 
techniques to produce proteins or peptides with altered amino acid sequences. Such 
sequences are considered within the scope of the present invention, where the expressed 
protein is capable of either enhancing or blocking activated T cell mediated immune 
responses and immune function, (emphasis added) 

Polypeptide fragments, mutants and variants of B lymphocyte antigens are discussed at least in 
the second paragraph of page 23, as are soluble, monomeric forms of the B7-2 protein. These 
agents are discussed in terms of their ability to block T cell activation (as set forth throughout the 
specification, this occurs by blocking the interaction between B7-2 and its natural ligand): 

Fragments, mutants and variants of B lymphocyte antigens that retain the ability to 
bind to their natural ligand(s) on T cells and either amplify or block activated T cell 
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mediated immune responses, as evidenced by, for example, lymphokine production 
and/or T cell proliferation by T cells that have received a primary activation signal are 
considered within the scope of the invention. More specifically, B7-2 proteins and 
peptides that bind to T lymphocytes, for example 0028+ cells, may be capable of 
delivering a costimulatory signal to the T lymphocytes, which, when transmitted in the 
presence of antigen and class II MHC, or other material capable of transmitting a primary 
signal to the T cell, results in activation of lymphokine genes within the T cell. Such B7- 
2 proteins can be considered to retain the essential characteristics of the B7-2 cell surface 
antigen. Alternatively, B7-2 proteins, particularly soluble, monomeric forms of the B7- 
2 protein, may retain the ability to bind to their natural ligand(s) on CD28+ T cells but, 
perhaps because of insufficient cross-linking with the ligand,fail to deliver the 
secondary signal essential for enhanced lymphokine production and cell division. 
Such proteins, which provide a means to induce a state of anergy or tolerance in the 
cells, are also considered within the scope of the invention, (emphasis added) 



Further support for inhibition of interaction of B7-2 with its natural ligand is found at least on 
page 27, line 6-10: 

For example, B7-2 proteins and peptides, including soluble, monomeric forms of the 
B7-2 antigen, that fail to deliver a costimulatory signal to T cells that have received a 
primary activation signal, can be used to block the B7-2 ligand(s) on T cells and thereby 
provide a specific means by which to induce tolerance in a subject. 

One of skill in the art will immediately recognize that the term "block" as used, refers to 
blocking of B7-2 binding to its natural ligand on the cell surface, thus providing implicit support 
for Applicants' claims. The above quoted passage also provides additional support for B7-2 
proteins as agents which inhibit binding, in particular for B7-2 proteins which are soluble, and 
monomeric. 

The following quoted passage provides further support for the specific agents of an 
antibody which binds to B7-2 used to block B7-2, page 34, line 9-11: 

For example, antibodies reactive with the B7-2 antigen can be used to isolate the 
naturally-occurring or native form of B7-2 or to block B7-2 function. 

The Term "Immune Cell" 
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Support for use of the term "immune cell" in the claims is found at least in the 

specification on page 5, line 19-23, which states: 

The invention also provides methods for inducing tolerance in a subject by, for example, 
blocking the functional interaction of the novel B lymphocyte antigens of the invention, 
e.g., B7-2 and B7-3, to their natural ligand(s) on T cells or other immune system cells, to 
thereby block co-stimulation through the receptor-ligand pair, (emphasis added) 



Combination of Immunomodulating Agents 

Support for contacting an immune cell with a combination of immunomodulating 
agents is found, for example, on page 28, line 6-8, which reads: 

It may also be necessary to block the function of a combination of B lymphocyte 
antigens to achieve sufficient immunosuppression or tolerance in a subject. 

Support for contacting an immune cell with the specific immunomodulating 
agents of an antibody which binds CD28 and also a CTLA4-Ig fusion protein to an 
immune cell is found for instance in Example 1, which exemplifies the use of an anti- 
CD28 antibody and also a CTLA4-Ig fusion protein. This is indicated, for example, by 
the following passage on page 40, line 18-22: 

Both proliferation and IL-2 secretion were totally inhibited by blocking the B7-1 
molecule on CHO cells with either anti-B7-l monoclonal antibody or by a fusion 
protein for its high affinity receptor, CTLA4. Similarly, proliferation and IL-2 
secretion were abrogated by blocking B7-1 signaling via CD28 with Fab anti- 
CD28 monoclonal antibody. 

Further support for contacting an immune cell with a combination of immunomodulating 
agents is found, for example, on page 27, line 32, to page 28, line 4: 

The administration of a soluble, monomeric form of B7-2 alone or in conjunction with a 
monomeric form of another B lymphocyte antigen (e.g., B7-1, B7-3) or blocking 
antibody, prior to transplantation can lead to the binding of the monomeric antigen(s) to 
its natural ligand(s) on T cells without transmitting the corresponding costimulatory 
signal and thus blocks the ligand(s) on T cells. Blocking B lymphocyte antigen function 
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in this manner prevents T cell lymphokine synthesis and thus acts as an 
immunosuppressant, (emphasis added) 

Title of the Invention 

The Examiner has objected to the title of the invention as not descriptive and requires a 
new title which is clearly indicative of the claimed invention. In response, Applicants have 
amended the title to now read "Methods for Inhibiting The Interaction of B7-2 With Its Natural 
Ligand." 

Abstract of the Disclosure 

The Examiner has objected to the Abstract of the Disclosure as not adequately describing 
the claimed invention. In response, Applicants have replaced the Abstract of the Disclosure with 
a new Abstract of the Disclosure which more accurately describes the claimed invention. 

Objections to the Drawings 

The Examiner has indicated that the drawings submitted fail to comply with the necessary 
requirements. In response, Applicants agree to supply formal drawings which comply with the 
requirements of 37 C.F.R. 1 .84 upon issuance of a notice of allowability. 

Requested Corrections to the Specification 

The Examiner has required that the application be reviewed and all spelling, 
TRADEMARKS, and like errors be corrected. Applicants have made every effort to detect and 
correct such errors in the application. Applicants submit that the trademarks known to Applicants 
are capitalized, that the proprietary nature of the marks has been respected, and that every effort 
has been made to prevent their use in any manner which might adversely affect their value as 
trademarks. 

The Pending Claims 

The pending claims are directed to methods for inhibiting an interaction of a B lymphocyte 
antigen, B7-2, with its natural ligand on the surface of an immune cell, comprising contacting the 
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immune cell with an agent which inhibits B7-2 binding with its natural ligand to thereby inhibit 
interaction of B7-2 with its natural ligand on the immune cell. In another embodiment, the agent is an 
antibody that recognizes B7-2. In one embodiment, the method further comprises contacting the 
immune cell with an agent that blocks the interaction of B7-1 with its natural ligand. In one 
embodiment, the step of contacting is performed in vitro. In another embodiment, the step of contacting 
is performed in vivo. 

Rejection of Claims 28, 66, 67, 70, and 71 Under 35 U.S.C. § 1 12, First Paragraph as Non- 
enabled by the Specification 

The Examiner has rejected claims 28, 66, 67, 70, and 71 under U.S.C. § 1 12, first 
paragraph as failing to adequately teach how to make and/or use the invention, i.e., failing to 
provide an enabling disclosure. The Examiner's grounds for this rejection are addressed below. 

A. Applicants teach uses of the claimed methods which are credible on their face to those 
of ordinary skill in the art 

The Examiner states that "[I]n vitro and animal model studies have not correlated well 
with in vivo clinical trial results in patients" and that "drugs such as costimulatory-based 
biopharmaceutical drugs can be species-and model-dependent." Applicants respectfully traverse 
these statements. 

Applicants direct the Examiner's attention to the guidelines for examination of 
applications for compliance with 35 U.S.C. § 101, which provide that M [i]f an applicant has 
asserted that the claimed invention is useful for any particular purpose and that assertion would 
be considered credible by a person of ordinary skill in the art, the Examiner should not impose a 
rejection based on §101". If the asserted utility is credible , there is no basis for an Examiner to 
challenge such a claim on the grounds that it lacks utility under § 101 . Although the Examiner 
has rejected the claims under § 1 12, first paragraph for failing to teach how to use B7-2 fusion 
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proteins in vivo, it is Applicants' position that the principles of the new guidelines for §101 
rejections apply equally to §1 12, first paragraph rejections. Applicants position is supported by 
the CAFC which stated in In re Brana, 34 USPQ 2d 1436 (Fed. Cir. 1995); quoting In re 
Marzocchi 58 C.C.P.A. 1069, 439 F.2D 220, 223, 169 U.S.P.Q. 367, 369 (CCPA 1971)) 

[A] specification disclosure which contains a teaching of the manner and process of 
making and using the invention in terms which correspond in scope to those used in 
describing and defining the subject matter sought to be patented must be taken as in 
compliance with the enabling requirement of the first paragraph of §1 12 unless there is 
reason to doubt the objective truth of the statements contained therein which must be 
relied on for enabling support. (Emphasis added). 

In view of the above, the Court concluded that: 

[T]he PTO has the initial burden of challenging a presumptively correct assertion of 
utility in the disclosure... only after the PTO provides evidence showing that one of 
ordinary skill in the art would reasonably doubt the asserted utility does the burden shift 
to the applicant to provide rebuttal evidence sufficient to convince such a person of the 
invention's asserted utility. (Emphasis added). 

In view of these guidelines and statements by the CAFC, it is clear that the Examiner has failed 
to provide evidence establishing that one of ordinary skill in the art would reasonably doubt the 
asserted utility. At most, the Examiner doubts "the relative efficacy" of the clamed methods. 

Throughout the specification, Applicants clearly teach that B7-2 costimulates T cell 
activation and that the absence of B7-2 costimulation can result in inhibition of T cell activation 
and establishment of tolerance. As set forth, e.g., at page 7, line 9-27, page 38, lines 13-15, page 
38, lines 28-33 of the specification, Applicants teach that agents that modulate the interaction 
between B7-2 and its natural ligand can be used for inducing both general immunosuppression 
and antigen-specific tolerance in a subject by, for example, blocking the functional interaction of 
a B7 molecule with its receptor, e.g., CD28 or CTLA4, to thereby block co-stimulation through 
the receptor-ligand pair. Inhibition of T cell responses and induction of immunosuppression or T 
cell tolerance according to the methods described herein may be useful prophylactically, in 
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preventing transplantation rejection (solid organ, skin and bone marrow) and graft versus host 
disease, especially in allogeneic bone marrow transplantation. The methods of the invention may 
also be useful therapeutically, in the treatment of autoimmune diseases, allergy and allergic 
reactions, transplantation rejection, and established graft versus host disease in a subject. 

Applicants teach a number of agents within the scope of the claims. For instance, a 
soluble form of B7-2 (page 39, line 23-25), an antibody that recognizes B7-2 (page 34, line 9- 
1 1), soluble forms of B7-2 receptors such as CTLA4Ig and CD28Ig (page 7, line 19-20). 
Accordingly, the specification teaches various agents which can be used in the claimed methods. 

Applicants also teach a variety of in vivo uses for the claimed method of inhibiting the 
interaction between B7-2 and its natural ligand. These uses are credible to a person of skill in the 
art on their face. It is not necessary for Applicants to provide actual in vivo data as to whether 
the method of the instant invention can be used for the treatment of human disease, but rather 
Applicants must adequately teach the ordinarily skilled artisan how to make or use the claimed 
invention. In Cross v. Iizuka (753 F.2d 1040 (Fed. Cir. 1985) the court established that the 
enablement requirements how-to-use aspect is met when pharmacological activity in an in vitro 
environment is demonstrated and, accordingly, that the ordinarily skilled artisan can determine 
dosage levels for therapeutic administration without undue experimentation. 

Moreover, a soluble form of a B7-2 ligand, CTLA4Ig, has been used successfully, e.g., 
for preventing organ transplant rejection and graft versus host disease in animal models 
(Lenshow et al. (1992) Science 257:789; Lin et al. (1993) 1 Exp, Med. 178:1801; Blazar et al. 
(1994) Blood, 83: 3815, copies of which are submitted herewith as Appendices B-D, 
respectively). This molecule has also been used successfully to establish immunosuppression in 
vivo (Linsley et al. (1992) Science 257:792, a copy of which is attached hereto as Appendix E). 
In addition, antibody to B7-2 have been found to be as effective as CTLA4Ig in preventing 
rejection of allografts in vivo, with antibody to B7-2 in combination with antibody to B7-1 being 
even more effective (Lenschow et al. (1995) Transplantation 60:1 171, attached hereto as 
Appendix F). 
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Thus, in view of Applicants' teachings, a person of skill in the art would find the 
proposed in vivo uses for the claimed methods credible on their face. Accordingly, the Examiner 
has failed to establish a prima facie case of lack of enablement for the claimed methods. 

With respect to the various references relied upon by the Examiner in support of his 
position, Applicants would like to make the following remarks of record. 

The Examiner relies on the teachings of Kahan as supporting his assertion that 
"[pharmaceutical data in the absence of in vivo clinical data are unpredictable. In support of this 
statement, the Examiner quotes Kahan as teaching that "no in vitro immune assay predicts or 
correlates with in vivo immunosuppressive efficacy" and that "there is no surrogate immune 
parameter as a basis of immunosuppressive efficacy and/or for dose extrapolation from in vitro 
systems to in vivo conditions." 

In response to the Examiner's reference to the teachings of Kahan et al., Applicants point 
out that the comments in the Kahan reference are not specific to the claimed methods and, in fact, 
no discussion of therapies that block costimulation is included in the reference. In addition, the 
statement quoted by the Examiner is made in reference to human clinical trials, (see page 558, 
the last paragraph column 1 and the first paragraph column 2, under the heading 
"Immunosuppressive drug trials") and does not refer to whether the use of immunosuppressive 
agents in vivo is credible, clearly immunosuppressives are being used clinically to treat human 
patients, but to predicting efficacy and dosage based on in vitro experiments. In relying on the 
teachings of Kahan et al., the Examiner seems to be implying that without data from human 
clinical trials, the Patent Office will not consider methods claims which can be applied to 
therapeutic treatment to be enabled. This is an unreasonable requirement since in no case has a 
Federal court required an applicant to support an asserted utility with data from human clinical 
trials. 

As further support of the rejection, the Examiner relies on Blazar et al. as evidence of the 
unpredictability of the art with respect to pharmaceutical therapies in the absence of clinical data, 
stating: 

issues such as tissue distribution, half-life, affinitiy and avidity obtained with these 
various CD28-B7-specific reagents might prove to be highly important in achieving 
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GVHD protection (and that) any conclusion regarding the efficacy of CD28/B7 blockade 
on altering in vivo immune response should be interpreted in light of the type of reagent 
infused 

Applicants point out that although Blazar et al. teaches that different agents may have 
different tissue distribution, half life, affinity, and avidity, the development of a dosage regimen 
appropriate for agents that inhibit a costimulatory signal in a T cell is well within the ability of 
one of average skill in the art, and that such routine determinations do not constitute undue 
experimentation. 

The Examiner further relies on the disclosure of Blazar et al. as indicating that the 
methods as claimed are not effective therapeutics, stating that "anti-CD80 or anti-CD86 
antibodies were ineffective in preventing T cell CDC8-mediated GVHD lethality; that each 
antibody was partially effective in CD4-mediated GVHD lethality and that the combination of 
anti-CD80 and anti-CD86 antibodies were effective in preventing GVHD lethality in murine 
experimental models." 

In response, Applicants point out that, contrary to the Examiner's interpretations of the 
disclosure of Blazar et al, the teachings of Blazar et al. are in fact supportive of the immediate 
claims of the invention. Blazar et al. discloses data that suggests administration of antibodies to 
B7-1 (also known as CD80) or antibodies to B7-2 (also known as CD86) are at least partially 
effective therapeutics in the treatment of GVHD. For example, antibodies to B7-1 or B7-2 
administered individually to bml2 (MHC class II disparate) recipient mice conferred a 37% 
actuarial survival rate (page 3252, column 1, second paragraph, and Figure 3 A), and reduced 
weight loss (Figure 3B) in an in vivo animal model of GVHD, compared to negative control 
mice. Antibodies to B7-1 or B7-2 administered individually to bml (MHC class I disparate) 
recipient mice also conferred a recorded advantage in the treatment of the animal GVHD model 
in the areas of weight loss and hematocrit levels, indicating a therapeutic effect (page 3252, 
column 1, second paragraph, and Figure 4B). The fact that in the assay system of Blazar et al., 
administration of both antibodies to B7-1 and antibodies to B7-2 conferred optimal anti-GVHD 
effects, does not negate the benefit of the administration of one of the antibodies (e.g., an 
antibody to B7-2). 
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The Examiner relies on the disclosure of Perrin et al. in further support of his assertion 
that the present invention is not enabled by the specification. The Examiner claims that Perrin et 
al. discloses that administration of antibodies to B7-1 attenuated the first clinical disease episode 
but not the relapse in an (autoimmune) experimental allergic encephalomyelitis (EAE) mouse 
model system. The Examiner also states that Perrin et al. further discloses that administration of 
antibodies to B7-2 had no significant effect on the course of disease, and that the administration 
of both antibodies to B7-1 and B7-2 resulted in the exacerbation of disease in the animal model 
system. 

Applicants first note that the disclosure of Perrin et al. does not indicate that antibodies to 
B7-2 are not effective at inhibiting the interaction of B7-2 with its natural ligand on the surface 
of an immune cell when the antibodies are contacted to the immune cell, as presently claimed. 
Furthermore, the disclosure of Perrin et al. does not indicate that other such agents set forth in 
the application (non-elected species) are not effective at inhibiting the interaction of B7-2 with its 
natural ligand on the surface of an immune cell when the agents are contacted to the immune 
cell, as presently claimed. 

Applicants disagree with the Examiner's assertion that the disclosure of Perrin et al. 
indicates that the methods as claimed are not effective as therapeutics. In fact, the disclosure of 
Perrin et al. presents evidence that administration of a CTLA4-Ig fusion protein attenuates 
disease in the model system. This evidence supports Applicants' position that CTLA4-Ig fusion 
protein (a non-elected species of the agent) inhibits the interaction of B7-2 with its natural ligand 
on the surface of an immune cell when contacted to the immune cell. Regarding the Examiner's 
assertions about the lack of efficacy of antibodies to B7-1 and B7-2 in attenuating disease in the 
model system of Perrin et al., Applicants note the significant limitations of the study reported in 
Perrin et al. First, the study is limited with respect to the dosage and regimen of administration 
of the antibodies to treat disease. Only a single dosage was tried, and only a single 
administration was performed. This limitation is at least partially acknowledged by Perrin et al. 
which teaches that the lack of therapeutic effects resulting from administration of antibodies to 
B7-1 and B7-2 "may reflect that the effect of single dose anti-CD80 [anti-B7-l] and [anti-CD86 
anti-B7-2] treatment is transient, and that continual administration of the antibodies would be 
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required to obtain a lasting effect.' 1 Second, the model system used in the experiments of Perrin 

et al. requires immunization with myelin basic protien accompanied by an injection of pertussis 

toxin (PT) to produce the disease. Such a model system for disease is susceptible to interactions 

of the administered antibodies with the agents used to induce disease, causing artifactual results. 

This potential flaw in the model is acknowledged by the disclosure of Perrin et al, which states: 

it is possible that an interaction between the anti-B7 reagents and PT has resulted in 
disease exacerbation. 

Perrin et al. goes on to indicate that the findings in the disclosure are actually contradictory to 
their own earlier findings in another model system that does not utilize the same agents for 
disease induction, stating 

In an active model of EAE which does not require PT treatment, injection of anti-CD80 
[anti-B7-l] plus anti-CD86 [anti-B7-2] on day 2 post-immunization resulted in decreased 
incidence and severity of clinical disease rather than the exacerbated disease observed in 
the present study (Racke et al, 1995). 

Given the limitations of the study reported in the disclosure of Perrin et al., the results 
reported therein cannot reasonably be said to indicate a lack of enablement of anti-B7-2 and/or 
anti-B7-l antibodies in in vivo therapy, in light of the availability of other disclosures which 
indicate an efficacy of anti-B7-2 and/or anti-B7-l antibodies. Such disclosures include 
Lenschow et al., (J. Exp. Med. 181: 1 145-1 155 (1995)) which teaches that administration of 
antibodies to B7-2 was protective of disease in the NOD mouse model of autoimmune diabetes, 
and Racke et al., (J. Clin. Invest 96: 2195-2203 (1995)) cited by Perrin et al. in the above quoted 
passage (for convenience, both Lenschow et al. and Racke et al. are attached as Appendices G 
and H). 

The Examiner cites the disclosure of Yi-qun et al. as further evidence that the methods as 
claimed are not effective as therapeutics. More specifically the Examiner states that the 
disclosure of Yi-qun et al. indicates that: a) inhibition of a T cell response to soluble antigens 
will require the blocking of both B7-2 and B7-1 to be effective; and also that: b) it is unlikely 
that ongoing T cell response will be susceptible to inhibition by anti-B7 reagents, for example in 
autoimmune disease. Applicants respectfully disagree with the Examiner's interpretation of Yi- 
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qun et al. as indicating that the methods as claimed are not effective as therapeutics, and more 
specifically with the Examiner's interpretation of Yi-qun et al. as indicating that inhibition of a T 
cell response to soluble antigens will require the blocking of both B7-2 and B7-1 to be effective. 
In fact, the disclosure of Yi-qun et al. supports Applicants' position that blocking of the B7-2 
response is sufficient to produce a therapeutic effect by teaching that blocking of either B7-1 or 
B7-2 independently, produces an inhibitory effect on memory T cell stimulation (see for instance 
Figure 3B). Although Yi-qun et al. teach that blocking both B7-1 and B7-2 produces a stronger 
effect on memory T cell inhibition than blocking one or the other of B7-1 and B7-2 co- 
stimulation, such an occurrence does not negate the utility of blocking one or the other response 
in conjunction with administration of an agent which promotes hemostasis. Furthermore, 
Applicants point out that the disclosure of Yi-qun et al. acknowledges the limitations of the 
findings reported therein, when it states: 

These data do not exclude the possibility that in certain in vivo 
circumstances B7-1 is of equal or dominant importance. Differences 
in the availability of B7-1 and B7-2 for co-stimulation under different 
conditions of antigen presentation might determine their relative 
importance in vivo. 

Therefore, it is inaccurate to determine from the disclosure of Yi-qun et al. that both B7-1 and 
B7-2 must be blocked to produce a therapeutic effect and it is inaccurate to determine that 
blockade of a costimulatory signal in a T cell, as recited in the present methods, is insufficient to 
produce a therapeutic effect. 

The Examiner also asserts that the (non-elected) species of a soluble form of B7-2, as an 
agent which inhibits the interaction of B7-2 with its natural ligand on the surface of an immune 
cell is not enabled by the instant specification because it does not function (to inhibit the 
interaction of B7-2 with its natural ligand) in a manner consistent with the instant disclosure. 
The Examiner turns to Sturmhoefel et al., which teaches that soluble B7 molecules can be 
immunostimulatory, in support of this contention. 

Applicants traverse these comments and point out that the instant specification teaches 
that agents that modulate the interaction between B7-2 and its natural ligand can also be used for 
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upregulating immune responses by delivery of a costimulatory signal to T cells. For example, 
the specification teaches that a stimulatory form of a B 7-2 fusion protein can be used to stimulate 
an immune response. At page 7, line 29-33, and page 38, line 36 through page 39, line 2 of the 
specification, Applicants teach that delivery of a stimulatory form of B7-2 can be used to 
upregulate an immune response. Thus, the teachings of Sturmhoefel are not inconsistent with 
Applicants' teachings. Moreover, the pending claims, although they require the inhibition of the 
interaction between B7-2 and its natural ligand, do not require that the immune response be 
modulated in a specific direction, e.g., up or down. Applicants point out that certain agents that 
inhibit the interaction between B7-2 and its natural ligand may be capable of sending a signal via 
a costimulatory receptor on a T cell (e.g., stimulatory forms of soluble B7-2 may transmit a 
signal via CD28) while other agents that inhibit the interaction between B7-2 and its natural 
ligand may not be capable of sending such a signal (e.g., anti-B7-2 antibodies). 

The Examiner further asserts that it is not clear that there is objective evidence that 
supports the ability of CD28Ig, any agent that blocks the interaction of B7-1 with its natural 
ligand, and/or antibody that binds a cytokine, would be immunosuppressive in the targeted 
conditions encompassed by the claimed methods. In support of this assertion, he cites Debets et 
al. as disclosing the "potential therapeutic uses of cytokine antagonists, such as antibodies, 
including the importance of testing appropriate models and the limitations of double-edged 
sword of such antagonists." 

Applicants traverse these remarks, and point out that the disclosure of Debets et al. fails 
to support the Examiner's assertion. First, the disclosure of Debets et al. does not discuss 
costimulation. Debets et al. is a review of cytokine antagonists and their potential therapeutic 
uses. Debets et al. points out the potential agonizing effects of anti-cytokine therapy and 
cautions that "the therapeutic use of intravenous Ig preparations, displaying binding capacities 
for IL-lct and IL-6, should be considered carefully." However, Debets et al. does not state or 
imply that these potential agonizing effects are prohibitive to therapy, nor does it teach or suggest 
that the present claims are not enabled. 

The Examiner further states that the specification does not identify the appropriate 
cytokine targets and the appropriate conditions to be targeted by anti-cytokine antibodies in 
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combination with the B7-2 specific antagonists. However, it is Applicants' position that the 
determination of the appropriate cytokine targets and the appropriate conditions to be targeted are 
within the ability of one of ordinary skill in the art through no more than routine 
experimentation. The specification teaches the use of blocking antibodies to cytokines which 
function as immunomodulating agents (page 39, line 12-14), teaches specific blocking antibodies 
against IL-9 and IL-12 (page 47, line 29), and further teaches assays for the identification of 
cytokines induced by costimulation, which prevent tolerance (page 47, line 17- page 48, line 12). 
This guidance, coupled with that which is known in the art, enables the skilled practitioner to 
make and use the invention as claimed. 

Applicants have identified the B7-2 molecule as a ligand for CTLA4 and CD28, they 
provide experimental evidence that B7-2 plays an active role in costimulation, and further 
provide methods for blocking B7-2 costimulation, as well as guidance in the therapeutic 
treatment of disease by blocking the interaction of B7-2 with its natural ligands. The Examiner, 
has failed a prima facie case of lack of enablement for the claimed methods. 

B. Enablement for B7-2, CD28, CTLA4, Ligand and Agents 

The Examiner further rejects claims 28, 66, 67, 70 and 71, stating that the specification 
does not reasonably provide enablement for any B7-2, CD28, CTLA-4, ligand, or agent. More 
specifically, the Examiner states: 

Applicant has not provided sufficient biochemical information (e.g. molecule weight, 
amino acid composition, N-terminal sequence, etc.) that distinctly identifies the B7-2, 
CD28, CTLA4, ligands, agents other than those encompassed by the disclosure of the 
particular human/murine/mouse costimulatory molecules disclosed in the specification as 
filed. B7-2, CD28, CTLA4, ligand or agent may have some notion of the activity of the 
receptor, ligand or agent, claiming biochemical molecules by a particular name given to 
the protein (e.g. receptor or ligand) by various workers in the field fails to distinctly claim 
what the protein is and what the compositions are made up of. 

In support of this assertion, the Examiner cites Coyle et al., as disclosing that B7-1 and 
B7-2 exhibit pronounced differences in structural and functional characteristics and also disclose 
the increasing complexity in costimulatory signal regulating T cell function, and that a number of 
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molecules are poorly understood and likely have distinct roles in the regulation of T cells. The 
Examiner further cites Harlan as teaching that it is a long way to product, Ngo et al. as teaching 
that there is no well understood and predictable relationship between the sequence of a peptide 
and its tertiary structure (or its activity), and Skolnick et al. as teaching that assigning functional 
activities for any particular protein or protein family based upon sequence homology is 
inaccurate. The Examiner further cites Lederman et al. as disclosing that a single amino acid 
substitution in a common allele ablates binding of a monoclonal antibody. The Examiner further 
cites Li et al., as teaching the dissociation of immunoreactivity from other biological activities 
when constructing analogs. 

This rejection is respectfully traversed, on the grounds that Applicants have described a 
representative number of species of agents which inhibit B7-2 binding with its natural ligand 
(e.g., B7-2 molecules, CD28 molecules, CTLA-4 molecules, B7-2 antibodies) to enable the 
claimed invention. Applicants have described the encoding nucleotide sequence and the amino 
acid sequence of both mouse and human B7-2 molecules. The encoding nucleotide sequence and 
amino acid sequence of at least mouse and human CD28 and CTLA-4 molecules are known in 
the art, both of which are ligands of B7-2. Applicants have further described several agents 
which inhibit B7-2 binding with its natural ligand (which are known in the art) and also have 
provided guidance in the identification of such additional agents. The identification of additional 
CD28 molecules, CTLA-4 molecules, or additional ligands of B7-2, and also additional agents 
which inhibit B7-2 binding with its natural ligand is within the ability of one of ordinary skill in 
the art through routine experimentation, e.g., through routine screening. 

The disclosure of Coyle et al., cited by the Examiner supports Applicants position, that 
the identification of other B7-2 molecules is accomplished through routine analysis of nucleotide 
and amino acid sequence, as it indicates that B7-2 molecules are sufficiently distinct from other 
B7 family members to be identifiable and readily categorized appropriately as B7-2 molecules. 
Additional B7-2 molecules (e.g., orthologs) can be readily identified as such by their encoding 
nucleic acid and amino acid sequence via hybridization assays or cross-reactivity with antibodies 
to the known B7-2 molecules. Once identified, the identify of a B7-2 molecule can be confirmed 
via phylogenic analysis of the B7-2 sequence (nucleic acid or amino acid) in comparison to the 
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B7 superfamily, as indicated by Coyle et al. which discloses that B7-2 molecules are readily 
distinguished from related B7 family members (e.g., the closest family member, B7-1, exhibits 
pronounced differences in structural and functional characteristics from B7-2, as per Coyle et 
al.). Furthermore, Applicants provide guidance in Example 7 in the form of identification of a 
critical region of B7-2 which delineates the variable domain of B7-2 as necessary for ligand 
binding, which will aid in such an analysis. 

With respect to the enablement of natural ligands of B7-2, Applicants provide 
experimental evidence that CTLA4 and CD28 function as natural ligands for B7-2. The nucleic 
acid and amino acid sequences of mouse and human CTLA4 and CD28 were known in the art at 
the time of filing (Dariavach, et al. (1988) Eur. J. Immunol. 18(12), 1901-1905; Brunet, J.F., et 
al. (1987) supra; Brunet, J.F. et al. (1988) Immunol. Rev. 103:21-36; and Freeman, G.J., et al. 
(1992) J. Immunol. 149, 3795-3801, Aruffo and Seed, Proc. Natl. Acad. Sci. 84:8573-8577 
(1987)). This sequence information allows the identification of CTLA4 or CD28 orthologs or 
variants through routine experimentation. The identification of additional ligands for B7-2 is 
within the ability of one of ordinary skill in the art through routine experimentation, e.g. through 
routine functional screening and sequence analysis. 

The Harlan et al. reference teaches the need for an appropriate clinical setting for 
evaluation of clinical therapeutics. This reference fails to teach or suggest that agents 
exemplified by Applicants will not work. In addition, Applicants reiterate their previous 
statement that in no case has a Federal court required an applicant to support an asserted utility 
with data from human clinical trials. 

In response to the Examiner's citation of Ngo et al. as disclosing that there is no well 
understood or predictable relationship between the sequence of a peptide and its tertiary 
structure, Applicants point out that functional assays for a ligand of B7-2 and also for an agent 
which inhibits B7-2 binding with its natural ligand are available to one of ordinary skill in the 
art, and that the performance of such assays constitutes routine experimentation. 

In response to the Examiner's citation of Skolnick et al., as teaching that assigning 
functional activities for a particular protein or protein family based upon sequence homology is 
inaccurate, Applicants point out that the Skolnick et al. disclosure is concerned with the 
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identification of function of a protein only from sequence data, and does not readily apply to the 
identification of the function of molecules for which functional assays have been developed and 
are readily available. The availability of such functional assays for a B7-2 molecule (the ability 
to bind B7-2 receptors, and also the ability to activate B7-2 receptors), for ligands of the B7-2 
molecules (the ability to bind B7-2, and also the ability to be activated by B7-2 receptors), and 
for agents which inhibit B7-2 binding with its natural ligand (binding assays and also inhibition 
in costimulation assays) coupled with information available through sequence analysis allows 
one of ordinary skill in the art to practice the claimed invention with no more than routine 
experimentation. 

With respect to the Examiner's citation of the disclosure of Lenderman et al. ? and Li et 
al., it is Applicants' position that the fact that a single amino acid substitution in a common allele 
may ablate binding of an antibody, as disclosed by Lenderman et al., or that a given analog may 
not be recognized by an antibody to its predecessor is of no consequence. First, Applicants point 
out that such a single amino acid substitution may ablate binding of one or a few antibodies to a 
given molecule, but rarely does a sequence change result in the ablation of binding of all 
antibodies which bind the original molecule, in that a subset of antigens is conserved. 
Furthermore, the generation of antibodies to a given molecule is routine and predictable, and 
thus, both monoclonal and polyclonal antibodies to an allele or analog can be readily generated 
by the skilled practitioner. 

Rejection of Claims 28, 66, 67, 70, and 71 Under 35 U.S.C. § 1 12, First Paragraph as Not In the 
Possession of Applicants 

Claims 28, 66, 67, 70, and 71 have been rejected under 36 U.S.C. 1 12, first paragraph as 
drawn to an invention which Applicants were not in possession of at the time of filing. In his 
rejection, the Examiner first asserts a lack of possession of B7-2 by Applicants. The Examiner 
states that Applicants are relying on biological activities and the disclosure of a limited number 
of species to support the entire genus of B7-2 molecules, and of natural ligands for B7-2 
molecules. The Examiner asserts that "there is insufficient guidance based on the reliance of B7- 
2 set forth in SEQ ID NO: 2 and 23 to direct a person of skill in the art to select or to predict 



U.S. Serial No. 09/425,516 



23 



Group Art Unit 1644 



particular sequences as essential for identifying B7-2 molecules encompassed by the claimed 
specificities." In support of his assertions, he cites Coyle et al. {Nature Immunology 2: 203-209, 
2001) as teaching the structural and functional differences in B7-1 and B7-2, and the increasing 
complexity in costimulatory signal regulating T cell function. 

Applicants respectfully traverse this rejection. According to the "Written Description 
Requirement": 

The written description requirement for a claimed genus may be satisfied through 
sufficient description of a representative number of species by actual reduction to 
practice, reduction to drawings, or by disclosure of relevant, identifying characteristics, 
i.e., structure or other physical and/or chemical properties, by functional characteristics 
coupled with a known or disclosed correlation between function and structure, or by a 
combination of such identifying characteristics sufficient to show that applicant was 
in possession of the claimed genus. ... a representative number depends upon whether 
one of skill in the art would recognize that the applicant was in possession of the 
necessary common attributes or features of the elements possessed by the members of 
the genus in view of the species disclosed. . . . Description of a representative number of 
species does not require the description to be of such specificity that it would provide 
individual support for each species that the genus embraces, (emphasis added) 

The number of species of B7-2 molecules identified by Applicants (human and mouse) 
are sufficient to show that Applicant was in the possession of the claimed genus. This is 
supported by the disclosure of Coyle et al., cited by the Examiner, which discloses that B7-2 
molecules are readily distinguished from related B7 family members (e.g., the closest family 
member being, B7-1). The disclosure of Coyle et al. fails to support the assertion of the 
Examiner, indicating that other B7-2 molecules are readily identified as such, as opposed to 
confused with other related B7 family members. 

The Examiner similarly asserts a lack of possession by Applicants of the natural ligands 
of B7-2, stating that "a person of skill in the art would not know which sequences are essential, 
which sequences are non-essential, and what particular sequence lengths identify essential 
sequences for identifying a B7-2 molecule and/or a natural ligand thereto, encompassed by the 
claimed invention." Applicants disagree with this statement, and respectfully traverse this aspect 
of the rejection, arguing that a representative number of species of natural ligands of B7-2 are 
presented in the application and known in the art. Applicants provide far more than a mere 
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statement that the natural ligand of B7-2 is part of the invention and reference to a potential 
method for isolating it. Applicants provide experimental evidence that CTLA4 and CD28 r " 
function as natural ligands for B7-2. The nucleic acid and amino acid sequences of mouse and 
human CTLA4 and CD28 were known in the art at the time of filing (Dariavach, et al. (1988) 
Eur. J. Immunol 18(12), 1901-1905; Brunet, J.F., et al. (1987) supra; Brunet, J.F. et al. (1988) 
Immunol Rev. 103:21-36; and Freeman, G.J., et al. (1992) J. Immunol 149, 3795-3801, Aruffo 
and Seed, Proc. Natl. Acad. Sci. 84:8573-8577 (1987)). This sequence information, coupled with 
function, is sufficient to indicate to one of skill in the art would that the applicant was in 
possession of the necessary common attributes or features of the elements possessed by the 
members of the genus of ligands of B7-2. 

The Examiner also asserts a lack of possession of the antibody reactive with CD28, 
CTLA4, and cytokine, as well as an agent that blocks the interaction of B7-1 with its natural 
ligand, encompassed by the claimed methods. More specifically the Examiner states: 

"there is insufficient guidance based on the reliance of a limited disclosure to direct a 
person of skill in the art to select or to predict particular sequences as essential for 
identifying any "CD28", "CTLA-4", "cytokine" specificity or "agent", encompassed by 
the claimed invention. Mere idea or function is insufficient for written description; 
isolation and characterization at a minimum are required." 

In support, the Examiner further refers to the disclosure of Lenderman et al. (Molecular 
Immunology 28: 1 171-1 181, 1991) as disclosing that a single amino acid substitution in a 
common allele ablates binding of a monoclonal antibody, and also to the disclosure of Li et al. 
(PNAS 77: 321 1-3214, 1980) as disclosing that dissociation of immunoreactivity from other 
biological activities when constructing analogs. In traversal, Applicants submit that the present 
application does far more than put forth the "mere idea or function" of an antibody to CD28, an 
antibody to CTLA-4, an antibody to a cytokine, as well as an agent, as encompassed by the 
claimed invention. A variety of such antibodies and agents were known in the art at the time of 
filing, and this variety constitutes a representative number of species. The application is not 
required to teach what is already known. The fact that recognition of a given antigen by an 
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antibody can be ablated by a change in the antigen sequence is irrelevant, as production of 
antibodies to a given antigen is common and routine, and as stated in the above quoted passage 
of the written description requirement guidelines, description of a representative number of 
species does not require the description to be of such specificity that it would provide individual 
support for each species that the genus embraces. 

Thus, in view of all of the above, Applicants respectfully request that the Examiner 
reconsider and withdraw the rejection of Claims 28, 66, 67, 70, and 71 under 35 U.S.C. § 112, 
first paragraph. 

Rejection of Claims 28, 66, 67, and 70-71 Under 35 USC, 1 12, Second Paragraph 

Claims 28, 66, 67, and 70-71 have been rejected under 35 USC, 1 12, second paragraph as 

being indefinite for failing to particularly point out and distinctly claim the subject matter which 

Applicants regard as the invention. More specifically, the Examiner states that the claims: 

are [indefinite in its recitation of "inhibiting the interaction ... with its natural ligand" 
because the nature of the "interaction" and the "ligand" is ambiguous. Therefore the 
metes and bounds of the claimed methods encompassing inhibiting interactions and 
ligands are not readily apparent. 

Applicants respectfully traverse this rejection and point out that the claims specifically 
state that the agent contacted inhibits B7-2 binding with its natural ligand, which clearly 
indicates the nature of the interaction which is inhibited to one of ordinary skill in the art. 

The Examiner further states: 

The claims are indefinite in the recitation of "ligand" in that they only describe the 
products of interest by an arbitrary protein name. 

Applicants respectfully traverse this rejection and argue that the claims state "a natural 
ligand on the surface of an immune cell." This clearly refers to ligands found in nature expressed 
on the surface of an immune cell. One of skill in the art would readily understand the metes and 
bounds of the invention as it relates to this term, with respect to structure and function, especially 
in light of the fact that two such ligands for B7-2 are taught in the specification, i.e., CTLA4 and 
CD28, and orthologs in different species of these two ligands are known in the art. 
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Rejection of Claims 28, 66, 67, 70-71 Under 35 U.S.C. § 102(e) 

Claims 28, 66, 67, 70-71 have been rejected under 35 U.S.C. § 102(e) as being 

anticipated by the disclosure of deBoer et al., (U.S. Patent No.5,747,034 (1998)). More 

specifically the Examiner states: 

deBoer et al., teach methods of inhibiting immune responses both in vitro and in vivo 
with combinations of B7-specific inhibitors, including the use of both B7-1 -specific and 
B7-2-specific antibodies. . . .The claimed functional limitations would be inherent 
properties of the referenced methods of inhibiting immune responses with B7-specific 
antibodies. 

This rejection is respectfully traversed. First, Applicants point out that the priority date 
for the present claims is at least as early as USSN 08/101,624, filed July 26, 1993, to which the 
present application claims priority. Support for this earlier priority date is discussed above in 
detail under the heading of "Filing Date of the Instant Claims." The priority document USSN 
08/101 ,624 provides specific support for the use of an agent to inhibit B7-2 binding with its 
natural ligand. The filing date of the deBoer et al. application is February 18, 1994, after 
Applicants' priority date. Because the priority date of the present application is prior to the filing 
date of the deBoer et al. patent, the deBoer et al. patent is not available prior art for use against 
the present claims under 35 USC § 102(e). 

In conclusion, the disclosure of de Boer et al. does not anticipate Claims 28, 66, 67, 70- 
71, since the disclosure is not available prior art. 

Rejection of Claims 28, 66, 67, and 70-71 Under 35 U.S.C. §103(a) 

Claims 28, 66, 67, and 70-71 have been rejected under 35 U.S.C. § 103(a) as being 

obvious over deBoer et al. in view of Linsley et al. (U.S. Patent No. 6,090,914 (2000)). More 

specifically, the Examiner states: 

Given the teachings of deBoer et al. and Linsley et al.; the ordinary artisan would have 
been motivated to target both B7-1 and B7-2 with B7-specific antibodies in order to 
achieve a higher efficacy in inhibiting immune responses in vitro and in vivo, given the 
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contribution of both the B:T cell interactions as well as observations and/or indications 
that CTLA4Ig achieve its efficacy by inhibiting both B7-1 and B7-2. 

This rejection is respectfully traversed. Applicants first point out that only one of the 
rejected claims (Claim 67) is specifically directed to blocking the interaction of both B7-2 and 
B7-1 with their natural ligands. 

Applicants next reiterate that the priority date for the present claims is at least as early as 
USSN 08/101,624, filed July 26, 1993, to which the present application claims priority. Support 
for this earlier priority date is discussed above in detail under the heading of "Filing Date of the 
Instant Claims". The priority document of USSN 08/101,624 provides specific support for the 
use of an agent to inhibit B7-2 binding with its natural ligand. The filing date of the deBoer et al. 
application is February 18, 1994, and the filing date of the Linsley et al. application is April 15, 
1994. Because the priority date of the present application is prior to the filing date of these 
patents, neither the deBoer et al. patent nor the Linsley et al; patent are available prior art for use 
against the present claims under 35 USC § 102(e). 
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SUMMARY 



In view of the foregoing remarks, reconsideration of the rejections and allowance of all 
pending claims is respectfully requested. 

If a telephone conversation with Applicants' attorney would expedite the prosecution of 
the above-identified application, the examiner is urged to call Applicants' attorney at (617) 
227-7400. 

Respectfully submitted, 
LAHIVE & COCKFIELD, LLP 

fcJ—^- — 

Megan E. J^illiams, Esq. 
Registration No. 43,270 
Attorney for Applicants 

28 State Street 
Boston, MA 02109 
Tel. (617) 227-7400 



Dated: February 25, 2002 
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APPENDIX A 

Version With Marking to Show Changes Made to the Specification and the Abstract of 
the Disclosure 

Changes made to the Title on the first page: 

[NOVEL CTLA4/CD28 LIGANDS AND USES THEREFORE] 

METHODS FOR INHIBITING THE INTERACTION OF B7-2 WITH ITS NATURAL 

LIGAND 

Changes made to the first page, paragraph under "Related Applications": 

This application is a continuation application of U.S. Serial No. 08/479,744, filed on June 
5, 1995, now U.S. Patent 6,084,067, which is a continuation-in-part of U.S. Serial No. 
08/280,757, entitled "Novel CTLA4/CD28 Ligands and Uses Therefor" filed July 26, 1994, now 
U.S. Patent No. 6,130,316, which is a continuation-in-part of U.S. Serial No. 08/109,393, entitled 
"Novel CTLA4/CD28 Ligands and Uses Therefor" filed August 19, 1993, pending, which is a 
continuation-in-part of U.S. Serial No. 08/101,624, also entitled "Novel CTLA4/CD28 Ligands 
and Uses Therefor", filed July 26, 1993 , now U.S. Patent No. 5,942,607 . U.S. Serial No. 
08/479,744 , now U.S. Patent No. 6,084,067, is also a continuation-in-part of U.S. Serial No. 
08/147,773, entitled "Tumor Cells Modified To Express B7-2 And B7-3 With Increased 
Immunogenicity And Uses Therefor" filed November 3, 1993 , now abandoned . The contents of 
each of these applications is incorporated herein by reference. 
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Changes made to title in the Abstract of the Disclosure: 

[NOVEL CTLA4/CD28 LIGANDS AND USES THEREFORE] 

METHODS FOR INHIBITING THE INTERACTION OF B7-2 WITH ITS NATURAL 

LIGAND 

Changes made to the Abstract of the Disclosure: 

[Nucleic acids encoding novel CTLA4/CD28 ligands which costimulate T cell activation 
are disclosed. In one embodiment, the nucleic acid has a sequence which encodes a B 
lymphocyte antigen, B7-2. Preferably, the nucleic acid is a DNA molecule comprising at least a 
portion of a nucleotide sequence shown in Figure 8, SEQ ID NO:l or Figure 14, SEQ ID NO:23. 
The nucleic acid sequences of the invention can be integrated into various expression vectors, 
which in turn direct the synthesis of the corresponding proteins or peptides in a variety of hosts, 
particularly eukaryotic cells, such as mammalian and insect cell culture. Also disclosed are host 
cells transformed to produce proteins or peptides encoded by the nucleic acid sequences of the 
invention and isolated proteins and peptides which comprise at least a portion of a novel B 
lymphocyte antigen. Proteins and peptides described herein can be administered to subjects to 
enhance or suppress T cell-mediated immune responses.] 

The present invention relates to, inter alia, methods for inhibiting the interaction of the B- 
lymphocyte antigen, B7-2, with its natural ligand on the surface of an immune cell are disclosed. 
The methods comprise contacting the immune cell with an agent which inhibits B7-2 binding 
with its natural ligand, to thereby inhibit the interaction. Examples of such agents are provided, 
and include a soluble form of B7-2, an antibody that recognized B7-2. The method may also 
include contacting the immune cell with an agent that blocks the interaction of B7-1 with its 
natural ligand. Further, the method may include contacting the immune cell with an 
immunomodulating agent, for example, an antibody reactive with CD28, an antibody reactive 
with CTLA4, an antibody reactive with a cytokine, a CTLA4Ig fusion protein, a CD28Ig fusion 
protein, and an immunosuppressive drug. Both in vivo and in vitro applications of the method 
are disclosed. 
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Long-Term Survival of Xenogeneic Pancreatic Islet 
Grafts Induced by CTLA4lg 

Deborah J. Lenschow, Yijun Zeng, J. Richard Thistlethwaite, 
Anthony Montag, William Brady, Marylou G. Gibson, 
Peter S. Linsley, Jeffrey A. Bluestone* 

Antigen-specific T cell activation depends on T cell receptor-ligand interaction and co- 
stimulatory signals generated when accessory molecules bind to their ligands, such as 
CD28 to the B7 (also called BB1) molecule. A soluble fusion protein of human CTLA-4 (a 
protein homologous to CD28) and the immunoglobulin (Ig) G1 Fc region (CTLA4lg) binds 
to human and murine B7 with high avidity and blocks T cell activation in vitro. CTLA4lg 
therapy blocked human pancreatic islet rejection in mice by directly affecting T cell rec- 
ognition of B7 + antigen-presenting cells. In addition, CTLA4lg induced long-term, donor- 
specific tolerance, which may have applications to human organ transplantation. 



At present, the major therapies to prevent 
the rejection of organ transplants rely on 
panimmunosuppressive drugs, such as cy- 
closporine A or monoclonal antibodies 
(MAbs) to CD3. These drugs must fre- 
quently be taken for the life of the individ- 
ual, depress the immune system, and often 



result in increased infections and cancer. 
We attempted to develop a treatment that 
affected only the transplant antigen-specific 
T cells, thus inducing donor-specific toler- 
ance. The binding of CD28 by itsTTgand/ 
B7/BB1 (B7), during T cell receptor en- 
gagement is critical for proper T cell signal- 
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ing iiV some systems (1-4). When the in- 
teraction of CD28 with its ligand Is 
blocked, antigen-specific T cells are inap- 
propriately induced into a state of antigen- 
specific T cell anergy (l t 5). Recent studies 
have shown that the CTLA-4 molecule, a 
CD28 homolog, also binds to B7 (6) . These 
studies used a soluble chimeric CTLA-4 
fusion protein between the variable domain 
of the human CTLA-4 gene and the hinge, 
CH2, and CH3 domains of the human 
IgGl constant region, CTLA4Ig (6-8). 
This soluble receptor molecule binds to 
both human and murine B7 (with a 20-fold 
greater affinity than CD28), blocks the 
binding of CD28 to B7, inhibits T cell 
activation, and induces T cell unrespon- 
siveness in vitro (5, 6, 9). Using a xenoge- 
neic transplant model (10), we found that 
CTLA4Ig prevented rejection of xenoge- 
neic pancreatic islet cells and induced do- 
nor-specific tolerance. 

Initial studies showed that CTLA4Ig 
bound to both murine and human B7 and 
inhibited primary xenogeneic mixed lympho- 
cyte reactions in vitro (11). Therefore, we 
examined the effects of blocking CD28-B7 
interaction in vivo. C57B176 (B6) or C57BL/ 
10 (BIO) mice were treated with streptozoto- 
cin to eliminate mouse pancreatic islet 0 cell 
function. Diabetic animals were grafted under 
the kidney capsule, and treatment was started 
immediately after surgery. Survival of the islet 
grafts was monitored by the analysis of blood 
glucose concentrations. Transplanted control 
animals, treated with either phosphate-buff- 
ered saline (PBS) (n = 14) or L6 (a human 
IgGl chimeric MAb; n = 8), had a mean 
graft survival of 5.6 and 6.4 days, respectively 
(Fig. 1A). In contrast, islet rejection was 
delayed in animals treated with CTLA4Ig (10 
u,g per day for 14 days), with four out of the 
seven animals exhibiting moderately pro- 
longed mean graft survival (12.75 days), 
whereas the remaining three animals main- 
tained normal glucose levels for >80 days 
(Fig. IB). This eventual increase in glucose 
concentration may be a result of islet exhaus- 
tion because no evidence of active cellular 
rejection was observed. In the three mice that 
maintained long-term islet grafts, the tran- 
sient increase in glucose concentrations 
around day 21 after the transplant may have 
represented a self-limited rejection episode 
[consistent with the pharmacokinetics of 
CTLA4Ig clearance after therapy (12)]. 
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Fig. 1. Survival of human pancreatic islet xe- 
nografts. Human pancreatic islets cells were 
purified after collagenase digestion as de- 
scribed (17). B6 or B10 mice, treated with 
streptozotocin (175 mg per kilogram of body 
weight) 3 to 5 days before transplant and 
exhibiting nonfasting plasma glucose levels of 
greater than 280 mg/dl (with the majority over 
300 mg/ml), were used as recipients. Each 
animal received approximately 800 fresh hu- 
man islets of 150 p.m in diameter beneath the 
left renal capsule {10), Treatment was started 
immediately after transplantation. (A) Control 
animals were treated with PBS (solid lines) or 
L6 (dotted lines) at 50 jig every other day for 1 4 
days immediately after transplantation. Islet 
transplants were considered rejected when 
glucose levels were greater than 250 mg/dl for 
three consecutive days. Animals treated with 
PBS (n = 14) and L6 (n = 8) had mean graft 
survivals of 5.6 and 6.4 days, respectively. (B) 
Animals were treated with 10 y.g of CTLA4lg for 
14 consecutive days immediately after trans- 
plant {n = 7). Three out of seven animals 
maintained their grafts for >80 days. The re- 
maining four animals had a mean graft survival 
of 12.75 days. (C) Animals were treated with 50 
p,g of CTLA4lg every other day for 14 days 
immediately after human islet transplantation. 
All animals (n = 12) treated with this dose 
maintained grafts throughout the analysis. Se- 
lected mice were nephrectomized on days 21 
and 29 after the transplant to assess the graft's 
function. 



Therefore, in subsequent experiments, 
the dose of CTLA4Ig was increased to 50 
u-g per animal every other day for 14 days. 
This treatment resulted in 100% of the 
animals maintaining normal islet function 
throughout the experiment with no signs of 
a rejection crisis (Fig. 1C). In order to 
confirm that insulin production originated 
from the transplanted islets and not from 
the native mouse pancreas, we nephrecto- 
mized selected animals at days 21 and 29 to 
remove the islet grafts (Fig. 1C). In these 
animals, glucose concentrations increased 
to above 350 mg/dl within 24 hours, which 
indicated that the islet xenograft was re- 
sponsible for maintaining normal glucose 
levels. Thus, it appears that the blocking of 
the CD28-B7 interaction inhibits xenoge- 
neic islet graft rejection. The effects of 
treatment with the soluble receptor were 
not a result of Fc binding (L6 did not affect 
graft rejection) or general effects on T cell 
or B cell function in vivo (13). The func- 
tion of CTLA-4 on T cell surfaces as a 
potential costimulatory molecule is un- 
known. Therefore, the effects we observed 
might also reflect the importance of CTLA- 
4-B7 interactions or other, as yet uniden- 
tified B? or CTLA-4 Hgands. 

Histological analyses of islet xenografts 
from control (PBS-treated) and CTLA4Ig- 
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treated mice were done (Fig. 2). The islet 
tissue from the control animal demonstrated 
evidence of immune rejection, with a 
marked lymphocytic infiltrate into the graft 
and few remaining islets (Fig, 2A). Immu- 
nohistochemical staining showed that insu- 
lin-positive cells were present only rarely, 
and no somatostatin-positive cells (13) were 
present at all (Fig. 2B). In contrast, trans- 
plant tissue from the CTLA4Ig-treated mice 
was devoid of any lymphocytic infiltrate 
(Fig. 2C). The grafts were intact, with many 
islets visible. In addition, the 0 cells ob- 
served in the human islet tissue produced 
human insulin (Fig. 2D) and somatostatin 
(13). 

Because the human CTLA4Ig used in 
this study reacts with both murine and 
human B7, the individual role of murine 
B7 + and human B7 + cells could not be 
distinguished (6). However, one advantage 
of the xenogeneic transplant model is the 
availability of a MAb to human B7 that 
does not react with mouse B7 (14). Thus, 
the role of human B7-bearing antigen-pre- 
senting cells (APCs) could be directly ex- 
amined. The mice were transplanted as * 
described and then treated with 50 u-g of* 
MAb to human B7 every other-day-for 14- 
days after transplant. This treatment pro- 
longed graft survival in treated mice (9 to 
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Flfr Z Histological anal- 
ysis of human islets 
transplanted under the 
( j kidney capsul of B10 
mice. Histology was 
performed on kidneys 
transplanted with human 
islet cells. The slides 
were analyzed blindly. 
(A) Hematoxylin and 
eosin staining of a con- 
trol human islet grafted 
mouse 29 days after 
transplantation shewed 
a massive lymphocyte 
infiltration. (B) The same 
tissue, stained fa insu- 
lin, showed no detect- 
able insulin production. 

(C) Histological exami- 
nation of tissue from a 
CTLA4lg-treated mouse 
21 days after transplant 
shewed intact islets un- 
der the kidney capsule 
with very few lympho- 
cytes infiltrating the 
transplanted tissue. The 
tissue was stained with 
hematoxylin and eosin. 

(D) The same tissue from 
the CTLA4lg-treated 
mouse, stained for insu- 
lin, showed the produc- 
tion of insulin by the 

i grafted islets. Similar results were observed in graft tissue examined at latter time points ( 13). The upper, 
* middle, and lower arrowheads identify the kidney capsule, islet transplant, and kidney parenchyma, 
respectively. All tissues were fixed in 10% buffered formalin and processed, and sections were 
stained either with hematoxylin and eosin or for insulin with the avidin-biotin-peroxidase method (18). 
Magnification is x 122. 
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proteins by syngeneic mouse APCs (15). 
However, other studies have noted the 
importance of carrier donor leukocytes in 
transplant rejection (16). The inability of 
the anti-B7 MAb to block rejection as 
effectively as CTLA4Ig may indicate that 
murine B7 + APCs may also be involved in 
xenograft rejection. It is also possible that 
an inadequate dose of the anti-B7 MAb was 
used because it has a lower binding affinity 
to B7 than to CTLA4Ig (6). Further studies 
are needed to determine how the syngeneic 
and xenogeneic APCs interact to regulate 
graft rejection. 

Although the CTLA4Ig therapy resulted 
in graft acceptance in the majority of mice, 
the animals may not be tolerant. Transient 
immunosuppression can lead to permanent 
islet graft acceptance because of graft adap- 
tation (the loss of immunogenicity as a result 
of the loss of APC function) (16). In order 
to differentiate between these possibilities, 
nephrectomized selected xenografted, 



> 50 days) in comparison to that for control 
mice (Fig. 3) . These results suggest that the 
immune response to the human islets in- 
volves direct presentation of human major 
histocompatibility complex (MHC) -re- 
stricted islet antigens by human APCs. 
This possibility contrasts with conclusions 



drawn in previous studies in which the 
predominant pathway for xenogeneic anti- 
gen presentation appeared to involve the 
processing and presentation of shed foreign 



CTLA4Ig-treated mice (day 40) and retrans- 
planted them under the remaining kidney 
capsule with either the original donor islets 
(first party) or unrelated second party human 
islets (Fig. 4). Streptozotocin-treated con- 
trol animals, having never received an islet 
graft, were also transplanted with either first 
or second party islets. No treatment after the 
transplant was given. Control animals re- 
jected the first and second party islets by day 
4. The CTLA41g-treated animals that had 
received the second party islets rejected 
these islets by day 5, whereas animals receiv- 
ing first party donor islets maintained the 
grafts for >80 days (Fig. 4). 

These results suggest that the CTLA41g 
treatment resulted in prolonged donor-spe- 
cific unresponsiveness to the xenogeneic 
islets. The ability of the murine immune 
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Fig. 3. Prolongation "Of islet graft survival with 
MAb to human B7. Streptozotocin-treated ani- 
mals were transplanted as described (Fig. 1). 
The mice were treated either with PBS (dotted 
lines) or with MAb to human B7 (solid lines) at a 
^ fdose of 50 \iq every other day for 14 days. 
Control animals (treated with PBS) {n - 3) had 
a mean graft survival of 3.5 days, whereas 
anti-B7-treated animals (n = 5) maintained 
grafts from 9 to > 50 days. 



Fig. 4. Induction of donor-specific 
unresponsiveness to islet graft 
antigens by CTLA4lg. Normal gly- 
ceric, CTLMIg-treated, trans- 
planted mice (dotted tines) were 
nephrectomized on day 44 after 
transplant and immediately re- 
transplanted with either 1000 first 
party donor islets (dotted lines, 
solid circles) or 1000 second par- 
ty islets (dotted lines, open cir- 
cles) beneath the remaining kid- 
ney capsule. These islets, frozen 
at the time of the first transplant, 
were thawed and cultured for 3 
days before transplant to ensure 
islet function. B10 mice that had 
been treated with streptozotocin 

and exhibited nonfasting glucose levels of greater than 280 mg/dl were used as controls (solid 
lines). No treatment was given after transplantation. Control animals rejected both the first party 
(solid lines, closed circles) and the second party (solid lines, open circles) islet grafts by dayj4after^ 
transplanrThe CTLA4lg-treated mice retransplanted with second party islets had arffean graft ~ 
survival of 4.5 days, whereas animals retransplanted with first party donor islets maintained grafts 
for as long as analyzed (>80 days). 
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response to distinguish differences among* 
human islet donors also supports the direct 
recognition of the polymorphic MHC prod- 
ucts expressed on the human islet cells. The 
future of immunosuppressive therapies in 
transplantation and autoimmune disease de- 
pends on their ability to induce long-term, 
antigen-specific unresponsiveness. The capac- 
ity of CTLA4Ig to significantly prolong hu- 
man islet graft survival in mice in a donor- 
specific manner suggests that blocking the 
interaction of costimulatory molecules such as 
CD28-B7 may provide an approach to immu- 
nosuppression. 
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sponsiveness or clonal anergy of T cells (2). 
Several molecules on APCs augment T cell 
proliferation (3, 4) and regulate functional 
unresponsiveness in vitro (4) . The B7 acti- 
vation molecule binds CD28 (5) and deliv- 
ers a costimulatory signal for T cell prolif- 
eration (6) . T cell-ndependent B cell differ- 
entiation requires the interaction of B7 
with CD28 (7). CTLA-4, a T cell molecule 
homologous to CD28 (8), also binds the B7 
counter-receptor (9). CTLA4Ig, a chimeric 
immunoglobulin C y fusion of CTLA-4, 
binds with high avidity (dissociation con- 
stant -12 nM) to B7 and potently blocks T 
cell-dependent immune responses in vitro 
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(9). CD28 probably participates in costim- 
ulation required to prevent anergy induc- 
tion in T cell clones (JO), in unresponsive- 
ness in human mixed lymphocyte reactions t 
(11), and in the costimulation of antigen- 
specific interleukin-2 production of human 
T cells (12). Despite data that indicate the 
importance of B7-CD28 interactions in the 
costimulation of in vitro T cell responses, 
the role of these interactions in regulating 
in vivo immune responses is unknown. 
Here, we show that CTLA4Ig is a potent 
suppressor of antibody responses in vivo. 

Human CTLA4Ig [human CTLA-4 and 
human immunoglobulin (Ig)] binds to mu- 
rine B7 and inhibits murine T cell responses 
in vitro (13). These findings led us to test 
the effects of human CTLA4lg on murine 
immune responses in vivo. CTLA4Ig was 
purified to homogeneity by protein A chro- 
matography from a serum-free culture me- 
dium of transfected mammalian cells (14). 
The chimeric monoclonal antibody (MAb) 
L6, which has a murine region and a human 
Fc region, was used as a control. 

We first measured serum clearance of 
human CTLA4Ig in mice (Fig. I). A plot 
of serum CTLA4Ig levels versus time was 
biphasic, giving a time of half-clearance 
(t 1/2 ) of —4 hours and —30 hours for the 
two components. Serum clearance after 
multiple injections of CTLA4Ig was more 
complex and appeared dose-related. The ( 
t m for the more slowly clearing component 
was increased to —4 days after six daily 
intravenous injections of CTLA41g (200 u,g 
per injection), and functionally active 
CTLA41g was detected in mouse serum 
for up to —5 weeks after the last treatment 
with CTLA4Ig. No overt toxicity of 
CTLA4Ig was noted. 

The ability of CTLA4Ig to suppress for- 
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Fig. 1. Serum clearance of human CTLA4lg in 
mice. BALB/c mice were each given a single 
intravenous injection of 50 \lq of CTLA4tg pre- 
pared from COS cells. At the indicated times, 
the mice were bled retro-orbitally. The binding 
of functional CTLA4lg from sera to B7 + CHO 
cells was measured by flow cytometry (6). 
CTLA4lg concentrations were quantitated by( 
comparison of the degree of binding with the 
binding of known concentrations , 75rCTLA4ig~ 
Values represent mean concentrations ± SD 
from five mice. 



Immunosuppression in Vivo by a Soluble Form of 
the CTLA-4 T Cell Activation Molecule 

Peter S. Linsley*, Philip M. Wallace, Jennifer Johnson, 
Marylou G. Gibson, JoAnne L Greene, Jeffrey A. Ledbetter, 
Cherry Singh, Mark A. Tepper 

In vitro, when the B7 molecule on the surface of antigen-presenting cells binds to the T cell 
surface molecules CD28 and CTLA-4, a costimulatory signal for T cell activation is gen- 
erated. CTLA4lg is a soluble form of the extracellular domain of CTLA-4 and binds B7 with 
high avidity. CTLA4lg treatment in vivo suppressed T cell-dependent antibody responses 
to sheep erythrocytes or keyhole limpet hemocyanin. Large doses of CTLA4lg suppressed 
responses to a second immunization. Thus, costimulation by B7 is important for humoral 
immune responses in vivo, and interference with costimulation may be useful for treatment 
of antibody-mediated autoimmune disease. 
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Summary 

Allograft rejection is a T cell-dependent process. Productive T cell activation by antigen requires 
antigen engagement of the T cell receptor as well as costimulatory signals delivered through 
other T cell surface molecules such as CD28. Engagement of CD28 by its natural ligand B7 
can be blocked using a soluble recombinant fusion protein, CTLA4Ig. Administration of CTLA4Ig 
blocks antigen- specific immune responses in vitro and in vivo, and we have shown that treatment 
of rats with a 7-d course of CTLA4Ig at the time of transplantation leads to prolonged survival 
of cardiac allografts (median 30 d), although most grafts are eventually rejected. Here, we have 
explored additional strategies employing CTLA4Ig in order to achieve long-term allograft survival. 
Our data indicate that donor-specific transfusion (DST) plus CTLA4Ig can provide effective antigen- 
specific immunosuppression. When DST is administered at the time of transplantation followed 
by a single dose of CTLA4Ig 2 d later, all animals had long-term graft survival (>60 d). These 
animals had delayed responses to donor-type skin transplants, compared with normal rejection 
responses to third-party skin transplants. Furthermore, donor-matched second cardiac allografts 
were well tolerated with minimal histologic evidence of rejection. These data indicate that 
peritransplant use of DST followed by subsequent treatment with CTLA4Ig can induce prolonged, 
often indefinite, cardiac allograft acceptance. These results may be clinically applicable for cadaveric 
organ and tissue transplantation in humans. 



Induction of a T cell immune response is required for al- 
lograft rejection (1). Antigen- specific T cell activation is 
initiated through the TCR (2). However, recent evidence has 
shown that T cells require two signals for activation (3): signal 
1, which is provided by stimulation through the TCR, and 
signal 2 (co stimulation), which can be provided by ligation 
of one or more T cell surface receptors. Engagement of the 
TCR receptor alone (i.e., signal 1 without signal 2) has been 
reported to induce a long-lasting state of T cell anergy, ren- 
dering cells unresponsive to subsequent antigenic stimula- 
tion (3). 

The best characterized costimulatory pathway is transduced 
through the CD28 surface molecule. CD28 is a receptor for 
B7, a molecule that can be expressed by many types of APCs 
(4). Stimulation of CD28 by its ligand B7 provides sufficient 
costimulatory signals to TCR-activated T cells for lymphokine 
production and cell proliferation (5). CTLA-4 is a gene closely 
related to CD28 which also serves as a B7-ligand, although 



the physiologic role of this interaction is not yet defined (6). 
Recently, a soluble recombinant protein termed CTLA4Ig 
was produced, which contains the extracellular domain of 
human CTLA-4 fused to a human Ig C7 chain (6). CTLA4Ig 
displays an ~ 20-fold higher affinity for B7 than does CD28 
(6), therefore acting as a competitive inhibitor of CD28 en- 
gagement. Although constructed using the human CTLA-4 
domain, CTLA4Ig binds efficiently to murine and rat B7. 
CTLA4Ig inhibits B7-dependent immune responses in vitro 
(6). In vivo, CTLA4Ig blocks T cell-dependent B cell anti- 
body production, and prevents the rejection of xenogeneic 
islet and allogeneic cardiac allografts (7-9). In the studies of 
cardiac allograft rejection we found that animals treated with 
daily injections of CTLA4Ig for 7 d, initiated at the time 
of transplantation, had greatly prolonged graft survival (me- 
dian 30 d, versus 7 d for control animals), although most 
animals eventually rejected the graft (7). Pretransplant thymec- 
tomy did not further extend survival in CTLA4Ig-treatecT 
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animals, indicating that T cells present in the animals at the 
time of transplantation eventually recovered the capacity to 
induce rejection. 

In this report we have explored other strategies using 
CTLA4Ig in order to achieve consistent long-term allograft 
survival. We find that donor-specific cell transfusion (DST) 
at the time of transplantation, followed by a single dose of 
CTLA4Ig 2 d later, is sufficient to lead to prolonged, often 
indefinite, cardiac allograft survival. Since no treatment is re- 
quired before transplantation, these results may be clinically 
applicable for cadaveric organ and tissue transplantation in 
humans. 

Materials and Methods 

Animals. The experiments were conducted using inbred male 
Lewis (LEW, RT1 1 ), Brown Norway (BN, RT1°) and ACI (RIT) 
rats weighing 200-300 g (Harlan Sprague Dawley, Inc, Indianapolis, 
IN). LEW rats served as heterotopic cardiac allograft recipients. 
BN and ACI rats were used as cardiac and skin allograft donors, 
and as a source of splenocytes for DST. 

Splenocyte Transfusion. Spleens were harvested and a single cell 
suspension prepared as previously described (7). Red cells were lysed 
with water, and the remaining population of mononuclear cells 
was washed two times in RPMI-1640. Cell viability was consis- 
tently >95% as determined by trypan blue exclusion. Varying 
numbers of splenocytes were injected intravenously in a volume 
of 0.5-1.0 ml into anesthetized rats at the indicated time points. 

Cardiac Transplantation. The rats were anesthetized and mechan- 
ically ventilated, after which donor hearts were transplanted into 
a cervical location in the recipient animals (10). Allograft survival 
was assessed by daily palpation. The day of rejection was denned 
as the day of cessation of palpable heartbeat, and verified by au- 
topsy and selective pathological examination. Loss of graft func- 
tion within 48 h of transplant was considered a technical failure 
(<5% on the average), and these animals were omitted from fur- 
ther analysis. 

Skin Crafting. Animals with long-term (>60 d) cardiac allograft 
survival received donor-specific and third-party skin grafts placed 
simultaneously on alternate sides of the flanks. Donor skin was 
raised as full-thickness grafts from the center abdominal wall, 
trimmed of fat, cut into standard sizes (2 cm circular skin), and 
sutured into position as described (11). The grafts were inspected 
daily, and rejection was said to have occurred when more than 50% 
of the graft surface became raised, necrotic, or covered by eschar. 

Mixed Lymphocyte Reaction (MLR). Lymphocytes were isolated 
from cervical and axillary nodes by gentle passage of tissue through 
a nylon mesh. Cells were cultured in RPMI-1640 medium sup- 
plemented with 5 mM Hepes, penicillin (10 5 U/liter), strep- 
tomycin (100 Mg/liter), 50 jiM 2-ME, and 10% FCS (GIBCO BRL, 
Gaithersburg, MD). Next, 3 x 10 5 each of responder cells and 
irradiated (3,000 rad; 137 Cs source) stimulator cells were cocultured 
for 4 d in 96-weil flat-bottomed microtiter plates as described (7). 
Proliferation, measured as DNA synthesis, was determined by 
adding 1 jtCi of [ 3 H]thymidine (ICN Radiochemicals, Irvine, CA) 
to each well for the last 6 h of culture. All assays were performed 
in quadruplicate. 

Results and Discussion 

In our initial studies, we found that a 7-d course of 
CTLA4Ig administered to cardiac allograft recipients starting 



at the time of transplantation significantly prolonged allograft 
survival but did not prevent eventual rejection (7). As prior 
thymectomy failed to induce permanent engraftment in treated 
animals, T cells present during the course of CTLA4Ig ad- 
ministration were responsible for rejection. We hypothesized 
that the kinetics of T cell trafficking might not permit all 
alloreactive cells to encounter donor antigens in the graft or 
regional lymphoid tissue during the 7-d period of drug ad- 
ministration, and that T cells that escaped an encounter with 
antigen in the context of B7-blockade could eventually reject 
the graft. Therefore, we first extended the period of CTLA4Ig 
treatment. However, animals receiving daily CTLA4Ig for 
21 d rejected their grafts at the same time points as those 
treated for only 7 d (data not shown). 

We next considered the possibility that immunosuppres- 
sion would be most effective if the alloantigen were ad- * 
ministered systemically in conjunction with CTLA4Ig, so 
as to expose all T cells throughout the body to antigen during 
the drug treatment period. For example, treatment of mice 
with CTLA4Ig blocks the immune response to systemically 
administered antigens such as sheep RBCs or KLH (8). There- 
fore, LEW animals received 10 8 BN lymphocytes intrave- 
nously (DST) plus a single dose of CTLA4Ig (0.5 mg) 14 d 
before placement of a BN cardiac allograft. As shown in Table 
1, animals treated with this protocol had significant prolon- 
gation of cardiac allograft survival, with median graft sur- 
vival of 17 d. This effect required both DST and CTLA4Ig, 
as animals treated with either alone rejected their grafts by 
8 d. Furthermore, immunosuppression by DST plus CTLA4Ig 
was antigen specific Animals receiving transfusions from third- 
party ACI animals had a median graft survival of only 9 days. 
Conversely, when ACI animals were used as heart donors, 
DST from ACI animals synergized with CTLA4Ig to pro- 
long graft survival (>20 d), whereas transfusions from BN 
animals had no effect (rejection by day 7). These data also 
indicate that CTLA4Ig is not merely acting by depleting the 
graft of B7 + APCs. First, strain- specific cell transfusions are 
required for the immunosuppressive effect. Second, our prior 
analysis of CTLA4Ig pharmacokinetics indicated a serum half- 
life of 2.8 d (7), and therefore by the time of transplantation 
circulating CTLA4Ig levels would have fallen far below a ther- 
apeutic level. 

We had initially chosen to administer CLTA4Ig plus DST 
14 d before transplantation because of the possibility that it 
might take several days after exposure to this regimen for a 
state of antigen-specific nonresponsiveness to develop. How- 
ever, although graft survival was significantly prolonged in 
animals treated with this protocol, eventually most grafts were 
rejected. Therefore, we next considered whether a state of 
tolerance was being induced, but that this state was temporary, 
and had largely waned by 2 wk. This concept was supported 
by two sets of data. First, in studies of anergy induction in 
T cell clones, anergy, although reproducible, was not a per- 
manent state, as the cells could spontaneously regain respon- 
siveness after a finite period of time (12). Second, recent in 
vivo studies have demonstrated that maintenance of anergy 
requires the persistence of antigen (13). Thus we reasoned 
that induction of anergy by DST plus CTLA4Ig mighrbesr 
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Table 1. Effects of Pretransplant DST plus CTLA4Ig on Cardiac Allograft Survival 



Heart donor 


DST donor 


DST day 


CTLA4Ig day 


Graft survival 


BN 


None 






d 

SI 11111111 
"'t't't't' »*»*»*»'»' 


DIN 


BN 


- 14 




6,6,7.7,8,8 


DM 

DIN 


None 




-14 


6,8,8 


DIN 


BN 


-14 


-14 


14,14,15,16,17,19,46,>100 


RM 
DIN 


ACI 


-14 


-14 


7,8,9,9,10,13 


ACI 


None 






5,5,6,7,8 


ACI 


ACI 


-14 


-14 


23,26,58,>100 


ACI 


ACI 


-14 


None 


1,2,5,5,6,7 


ACI 


BN 


-14 


-14 


6,6,7,7,7 



Allograft recipients were LEW animals, some of which received DST (10 8 cells) via intravenous injection, CTLA4Ig (0.5 mg) by intraperitoneal 
injection, or both 14 d before transplantation as indicated. The day of transplantation was defined as day 0. 



prolong graft survival if transplantation was performed simul- 
taneously. However, when CTLA4Ig plus DST (4 x 10 7 
cells) were administered on the day of transplantation, graft 
survival was not improved over the previous protocol, and 
was no different than in animals treated with a single dose 
of CTLA4Ig without DST (Table 2). 

At present, knowledge of the target of action of CTLA4Ig 
is limited. Its only known ligand is B7, whose expression 
is restricted to cells of hematopoietic origin, in particular those 
which can serve as APCs. In the case of vascularized organ 
allografts, there are two routes of alloantigen presentation 
using distinct APCs (14, 15). In the indirect route, donor 
alloantigens, shed from the surface of donor parenchymal cells, 
are presented by host APCs in regional LNs. In the direct 
route, APCs resident within the graft directly stimulate host 
T cells. Although the relative contribution of these two routes 
is the subject of debate, the importance of direct sensitiza- 
tion has been demonstrated by the fact that graft survival 
is significantly prolonged by depleting tissues and organs of 



resident APCs (for a review see reference 16). In this regard, 
it is notable that whereas a short course of CTLA4Ig fre- 
quently induced indefinite survival of human islet xenografts 
in mice, anti-human B7 antibody was effective as well, indi- 
cating that much of the immune response was initiated against 
donor-type APCs (9). 

One of the most potent types of APC known is the den- 
dritic cell (17). Compared with activated B cells and macro- 
phages, extremely small numbers of dendritic cells are sufficient 
to stimulate T cell responses. Furthermore, in contrast to B 
cells and macrophages, dendritic cells constitutively express 
B7 (18, 19). Larsen et al., (20) have shown that after cardiac 
allograft placement, donor dendritic cells migrate into host 
lymphoid organs, and it is possible that this may be respon- 
sible for initiating graft rejection. The migration of dendritic 
cells to LNs was found to peak 2 d after transplantation. There- 
fore, we next administered DST (4 x 10 7 cells) on the day 
of transplantation, followed by a single dose of CTLA4Ig 
2 d later (Table 2). Whereas DST alone was not immuno- 



Table 2. Effects of Peri-transplant DST plus CTLA4Ig on Cardiac Allograft Survival 



DST donor 



DST day 



CTLA4Ig day 



Graft survival 



BN 

BN 

BN 
ACI 



0 
0 
2 
2 
2 



5,7,7,7,7,7,7,7,7,7 
7,7,9,10,11 
8,10,18 
8,11,19 
8,14,17,25,28 
89,>100,>100,>100,M00 
14,23,26,28,56 



Allograft recipients were LEW animals and heart donors were BN animals. Selected recipient animals received DST (4 x 10 7 cells) via intravenous-., 
injection, CTLA4lg (0.5 mg) by intraperitoneal injection, or both at the times indicated. The day of transplantation was defined as day 0. 
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Tabl 3. Skin Graft Survival in Rats with Long-Term 
Functioning Cardiac Allografts 







Skin 


graft survival 




Day of 


BN 


Third-party 


Animal 


skin grafting 


skin 


(ACW skin 

1 IlV/l J J Mil 


1 


64 


19 


10 


2 


64 


19 


10 


3 


66 


22 


9 


4 


72 


19 




5 


83 


19 





Skin graft recipients were LEW animals that had received BN cardiac 
allografts and immunosuppression with DST plus CTLA4Ig. Skin grafts 
from donor-strain animals (BN) and from third-party animals were per- 
formed simultaneously on the indicated day after cardiac transplantation. 



suppressive, and CTLA4Ig by itself had a modest effect on 
graft survival, the combination reproducibly induced long- 
term engraftment. Similar to pretransplantation DST plus 
CTLA4Ig (Table 1), the immunosuppressive effect of this pro- 
tocol was also antigen specific as LEW rats that received trans- 
fusions from ACI animals rejected BN cardiac allografts at 
a median of 26 d. 

Additional transplants were performed on these animals 
with stable allografts. Skin transplants from donor-type BN 
animals or from third-party ACI animals were simultaneously 
placed on opposite flanks (Table 3). The ACI grafts were all 
rejected by 10 d, the normal time for rejection of ACI skin 
grafts in LEW animals. In contrast, the BN grafts survival 
for a median of 19 d. This demonstrates that these animals 
remained immunocompetent, yet had donor-specific hypore- 
sponsiveness. In four of five rats, rejection of the BN skin 
grafts did not induce rejection of the BN hearts, although 
it is notable that the single animal that rejected its primary 




Figure 1. Histopathology of cardiac tissue. Animals were treated with DST on day 0 plus CTLA4Ig on day 2, and hearts were removed for examina- 
tion at least 60 d after transplantation. First cardiac allografts appeared either histologically normal (A) or showed evidence of focal rejection with 
resulting myocyte loss (B). In all cases, second cardiac allografts showed no or minimal histologic evidence of rejection (C). The native heart from 
a LEW animal which received a BN allograft is shown for comparison (D). The hearts were fixed in formalin and tissue sections were staip^with 
hematoxylin and eosin. xlOO. 
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cardiac allograft (on day 89) did so 6 d after rejection of a 
BN skin graft. 

Skin grafts are frequently rejected in animals tolerant to 
vascularized organs, perhaps because of the increased im- 
munogenicity of skin or the existence of skin-specific antigens 
(21). Second cardiac allografts from BN donors placed into 
CTLA4Ig plus DST-treated animals, all appeared to func- 
tion normally until the animals were killed for humane reasons. 
This occurred on days 17-52 after transplantation of the second 
heart. In all instances, histologic examination of the second 
heart revealed only minimal cellular infiltrates consistent with 
normal histology or focal mild rejection (Fig. 1). Consistent 
with this minimal response, lymphocytes from engrafted 
animals have a 50% reduction in their in vitro proliferative 
response (as measured in an MLR) to donor-type stimulators 
(data not shown). This data is in agreement with our previous 
study which found a 50% decrease in MLR responsiveness 
to donor-type cells in CTLA4Ig-treated animals, with no effect 
on third-party responses (7). The reduction in proliferation 
appears to be somewhat modest, given the failure of the animals 
to reject their cardiac allografts grafts. This suggests either 
a discrepancy between in vitro and in vivo antidonor reac- 
tivity, or split tolerance characterized by CTL activity that 
is severely depressed in comparison with proliferative capacity. 

Together, our data indicate that DST at the time of cardiac 
transplantation followed by treatment with CTLA4Ig are 
sufficient to induce long-term cardiac allograft acceptance in 



rats. These animals remain immunocompetent, but exhibit 
donor-specific nonresponsiveness. It should be emphasized 
that although the hearts remain functional as assessed by elec- 
trical activity and palpable contractions, some of the grafts 
have experienced focal rejection with resulting myocyte loss 
(Kg. 1 £). Thus long-term engraftment is not strictly equated 
with immunologic nonresponsiveness. However, even in 
animals with significant myocardial damage to their initial 
allograft, the second graft had minimal histologically abnor- 
malities, suggesting that a previously existing immune re- 
sponse might be relatively quiescent. 

A curious finding was that CTLA4Ig was dramatically more 
effective when given on day 2, than on day 0. Given that 
the half-life of CTLA4Ig is >60 h, this finding cannot be 
due to the fact that when administered on day 0, the drug* 
is absent by day 2. Rather, it suggests that the drug is most 
effective when given after an initial immune response is al- 
lowed to begin. The finding that a single dose of CTLA4Ig, 
without any DST, is more effective when administered at 
day 2 than at day 0 is consistent with this hypothesis. DST 
at day 0, which is also required for optimal graft prolonga- 
tion, may serve to help synchronize and/or maximally stimu- 
late the immune response by distributing alloantigen through- 
out the lymphoid system. Subsequent treatment with 
CTLA4Ig could then block costimulatory signals at at time 
when T cells were maximally sensitive to this maneuver. 
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Appendix D 



In Vivo Blockade of CD28/CTLA4: B7/BB1 Interaction With CTLA4-Ig 
Reduces Lethal Murine Graft-Versus-Host Disease Across the Major 
Histocompatibility Complex Barrier in Mice 

By Bruce R. Blazar, Patricia A. Taylor, Peter S. Linsley, and Daniel A. Vallera 



We tested whether the in vivo infusion of recombinant, solu- 
ble CTLA4 fused with lg heavy chains, as a surrogate ligand 
used to block CD28/CTLA4 T-cell costimulation, couid pre- 
vent efficient T-cell activation and thereby reduce graft-ver- 
sus-host disease {GVHD}. Lethally irradiated B10.BR recipi- 
ents of major histocompatibility complex disparate C57BL/ 
6 donor grafts received intraperitoneal injections of human 
CTLA4-lg (hCTLA4-lg) or murine CTLA4-lg {mCTLA4-lgl in 
various doses and schedules beginning on day -1 or day 0 of 
bone marrow transplantation (BMT). In ail five experiments, 
recipients of CTLA4-lg had a significantly higher actuarial 
survival rate compared to mice injected with an irrelevant 
antibody control (L6) or saline alone. Survival rates in recipi- 
ents of hl_6 or PBS were 0% at 29 to 45 days post-BMT. In 
recipients of CTLA4-lg, survival rates were as high as 63% 
mice surviving 3 months post-BMT. However, protection 
was somewhat variable and recipients of CTLA4-lg were not 
GVHD-free by body weight clinical appearance, and histo- 
pathologic examination. There were no significant differ- 

LETHAL GRAFr-VERSUS-HOST disease (GVHD) oc- 
curs in a high proportion of humans who receive 
matched sibling or unrelated donor transplants despite con- 
ventional chemotherapeutic agents. 1 " 3 Although in vitro T- 
cell depletion can eliminate GVHD in recipients of histo- 
compatible sibling donor grafts and significantly reduce 
severe GVHD in recipients of unrelated donor transplants, 4 
post-bone marrow transplantation (BMT) complications in- 
cluding failure to engraft, relapse, and infectious deaths are 
apparently increased. 2 Additional GVHD preventive strate- 
gies are clearly needed. 

Recently, our knowledge about T-cell signaling pathways 
has been substantially extended by the discovery that effi- 
cient T-cell activation requires triggering of the antigen- 
specific T-cell receptor (TCR) and costimulation. T-cell 
costimulation can be provided either by the binding of the 
structurally related CTLA4 and CD28 receptors on T cells 5 * 24 
to one of at least two known CD28/CTLA4 counter-receptors 
on murine antigen-presenting cells (APCs) 25 or by other non- 
87 molecules present on APCs. 26,27 

Jenkins, Schwartz, and colleagues 28 " 32 have shown that 
interference with costimulation of T-cell activation in anti- 
gen-driven murine T-cell clones can render these cells inca- 
pable of recognizing antigen even though the clones retain 
proliferative capacity. 28 " 32 This state has been termed anergy. 
Induction of anergy in GVHD-causing cells could be used to 
prevent donor T cells from responding to antigens/peptides 
present in GVHD target tissues. Because nonresponsiveness 
could theoretically be conferred exclusively to GVHD 
antigens/peptides, other properties of donor T cells such as 
antiviral and perhaps antitumor immune responsiveness to 
later challenges in vivo could be retained. 

Anergy induction can be accomplished by preventing 
APCs from providing the necessary costimulatory molecules 
to T cells or by directly blocking the binding of CD28 and 
CTLA4 to B7/BB1 using nonactivating monoclonal antibod- 
ies (MoAbs) or F(ab' )fragments to determinants on the T 



ences in the survival rates in comparing injection dose, injec- 
tion duration, or species of CTLA4-lg (hCTLA4-lg v mCTLA4- 
Ig). Splenic and peripheral blood flow cytometry studies of 
long-term hCTLA4-lg-injected survivors showed a signifi- 
cant peripheral B-cell and CD4* T-cell lymphopenia, consis- 
tent with GVHD. A kinetic study of splenic reconstitution 
was performed in mice that received hCTLA4-lg and showed 
that mature splenic localized CD8 + T-cell repopulation was 
not significantly different in recipients of hCTLA4-lg com- 
pared with hl_6, despite the significant increase in actuarial 
survival rate in that experiment. These data suggest that 
the beneficial effect of hCTLA4-lg on survival is not mediated 
by interfering with mature donor-derived T-cell repopulation 
post-BMT. Neither hCTLA4-lg nor mCTLA4-lg interfered with 
hematopoietic recovery post-BMT. We conclude that CTLA4- 
Ig {most likely in combination with other agents) may repre- 
sent an important new modality for GVHD prevention. 
© 1994 by The American Society of Hematology. 



cell or by exposing T cells to APCs that do not have sufficient 
amounts of available B7/BB1 to provide costimulation. 13 32 
Blockade of B7/BB1 binding to CD28 and CTLA4 has been 
shown to interfere with costimulatory function. 18 Such block- 
ade has been accomplished by binding of a surrogate CTLA4 
ligand to B7/BB 1, which has been shown to block T-depen- 
dent in vitro immune responses. 18,33 ' 34 A fusion protein con- 
sisting of the extracellular domain of CTLA4 linked to the 
hinge region of Ig heavy chain, referred to as CTLA4-Ig, 
would facilitate the in vivo inhibition of the CD28:CTLA4 
interaction with B7/BB1 by prolonging the half-life of re- 
combinant CTLA4. In vivo infusion of CTLA4-Ig has been 
shown to reduce antibody responses to sheep red blood cells 
(RBCs) in mice, 35 permit acceptance of human pancreatic 
islet cell xenografts in mice, 36 and reduce 37 or eliminate* 8 
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rejection of rat cardiac allografts. In the xenogeneic setting, 
rechallenge experiments indicated that donor-specific xeno- 
graft acceptance could be achieved. 

Therefore, we undertook studies to test the efficacy of 
CTLA4-Ig fusion protein as a means of preventing lethal 
GVHD in murine recipients of fully allogeneic donor grafts. 
This report will detail our experience with human CTLA4-Ig 
(hCTLA4-Ig) and murine CTLA4-Ig (mCTLA4-Ig) fusion 
proteins administered systemically beginning on or immedi- 
ately before the day of BMT. 

MATERIALS AND METHODS 

Mice. B10.BR/SgSnJ (H-2 k ) recipient mice were purchased from 
Jackson Laboratory (Bar Harbor, ME). C57BL/6 (H-2 b ) or C57BL/ 
6-Ly5.2 (H-2 b ) donor mice were purchased from the National Insti- 
tutes of Health (Bethesda, MD). C57BL/6 donors and all recipients 
were female and C57BL/6-Ly5.2 mice were males. Donors were 4 
to 6 weeks old and recipients were 8 to 10 weeks old at the time of 
BMT. 

BMT. Our transplant protocol has been described in detail. 39 
BIO.BR recipients were conditioned with S.O Gy (unless otherwise 
noted) total body irradiation (TBI) administered from a Philips RT 
250 OrthovoHage Therapy Unit (Philips Medical Systems, Brook- 
field, W I) filtered through 0.35 mm Cu at a final absorbed dose rate 
of 0.41 Gy/min at 225 kV and !7 mA. Eiglu-Gray TBI was chosen 
for conditioning based on previous studies which showed that this 
dose was sufficient for generation of GVHD, not detrimental to 
survival if irradiated recipients were rescued with anti-Thyl.2 + 
C' -treated BM, and uniformly lethal in studies in which 8.0 Gy 
TBI was administered to nonconcurrem control BIO.BR mice that 
were not rescued with BM. 4041 Briefly, donor BM was collected into 
RPMI 1640 medium by flushing it from the shafts of femurs and 
tibias. The cells were resuspended. 

Recipients (five to eight mice per group per experiment) received 
25 x 10 6 BM cells from C57BL/6 donors that had been T-cell 
depleted (TCD) with anti-Thyl.2 (antibody 30-H-12, rat lgG2b; pro- 
vided by Dr David Sachs, Cambridge, MA) + C as previously 
described. 39 4 ' Single-cell suspensions of splenocytes were obtained 
(as a source of GVHD-causing T cells) from C57BL/6 or C57BL/ 
6-Ly5.2 + donors by passing minced spleens through a wire mesh 
and collecting them into RPMI 1640. Clumps of debris were allowed 
to settle out. Splenocytes were suspended with BM at a concentration 
of 10 8 cells/mL. In congeneic donor transfer experiments, recipients 
received BM cells from C57BL76 (Ly 5.1 + ) donors and splenocytes 
from C57BL/6-Ly 5.2 + donors. All mice received 25 X 10 6 BM 
cells and 25 X IO 6 splenocytes (BMS) via caudal vein injection in 
0.5 mL vol. 

Ig fusion proteins: Generation, purification, and administration 
post-BMT. Human CTLA4Ig was produced by stably transfected 
Chinese hamster ovary (CHO) cells as previously described. 33,36 Hu- 
man L6 or mouse L6 Ig control was provided by Drs I. and K.I. 
Hellstrom (Bristol-Meyers-Squibb). A cDNA construct encoding 
murine CTLA4Ig was assembled in similar fashion as described for 
human CTLA4Ig from DNA encoding the extracellular region of 
murine CTLA-4. 10 Concentrations of murine CTLA4Ig were deter- 
mined by an extinction coefficient at 280 nm of 1 .6 (experimentally 
determined by amino acid analysis of a solution of known absorb- 
ance). Binding activity to B7 molecules was essentially identical for 
all lots of CTLA4-Ig. Endotoxin concentrations were less than 1 
endotoxin unit/mg of protein for all CTLA4-Jg lots. 

CTLA4-lg administration. For in vivo administration, mice were 
injected intraperitoneally (IP) with hCTLA4-Ig, mCTLA4-Ig, the 
species-appropriate irrelevant MoAb control (hL6 or mL6), or phos- 
phate-buffered saline (PBS) beginning 1 day before or on the day 



of BMT. Doses were either 100 or 250 ^ig/injection administered 
every other day or daily during the first 15 days post-BMT and then 
daily, every other day, or thrice weekly for up to 2 additional weeks 
as indicated. To determine CTLA4-Ig levels, sera were obtained by 
retro-orbital venipuncture and reacted against B7-transfected CHO 
cells as previously described. 35 Mean channel fluorescence was de- 
termined and converted into microgram-per-milliliter concentration 
values using known concentrations of purified hCTLA4-Ig as a stan- 
dard. 

As a positive control (for GVHD prevention) in all experiments, 
one experimental group received spleen in which T cells were elimi- 
nated with anti-Thyl.2 + C. We have routinely observed that anti- 
Thyl.2 + C eliminated all detectable natural killer (NK) cell func- 
tion 42 and at least 95% of cytolytic T-lymphocyte precursors 
(CTLp). 39 

Immunofluorescence. MoAbs were directly labeled with biotin, 
fluorescein isothiocyanate (FITC), or phycoerythrin (PE) as pre- 
viously described. 41 For the biotin-labeled MoAb, fluorescence was 
indirectly measured by adding streptavidin-labeled Red 613 (GIBCO 
Laboratories, Grand Island, NY). For chimerism studies, peripheral 
blood mononuclear cells were isolated and costained with anti-H- 
2 l, -SA-PE (clone EH 144, mouse IgG; provided by Dr T.V. Rajan, 
Albert Einstein University, New York, NY) and ami -H-2 k - FITC 
(clone 1 1-4.1, mouse IgG2a; American Tissue Type Culture Collec- 
tion, Rockville, MD). For thymocyte experiments, two-color flow 
cytometry studies were performed. For sequential splenocyte and 
BM experiments, two-color or three-color flow cytometry studies 
were performed. For flow cytometry studies, single-cell suspensions 
of splenocytes or BM cells were washed and suspended in buffer 
(PBS + 5% colostrum-free bovine serum 4- 0.015% sodium azide). 
Pelleted cells were incubated for 15 minutes at 4°C with 0.4 y.% of 
an anti-Fc receptor MoAb (clone 2.4G2; provided by Dr Jay Unkless, 
Rockfeller University, New York, NY) to prevent Fc binding. 43 Opti- 
mal concentrations of biotin-, PE-, and FITC-labeled MoAb were 
added to a total volume of 100 to 130 fiL and incubated 1 hour at 
4 C C. Cells were washed and SA-Red 613 was added for an additional 
1 hour at 4°C After final washing, cells were fixed in 1 % paraformal- 
dehyde. 

The following antibodies and reagents were used for these studies: 
Anti-Ly 5.2 (clone A20-1.7, rat IgG2a), anti-Ly 5.1 (clone 104-2, 
rat IgG2a), both provided by Dr U. Hammerling (New York, NY) 
for experiments involving congeneic transfer of allogeneic BMS; 
anti-CD8 (clone 53-6.72, rat IgG2a; provided by Dr Jeffrey Ledbet- 
ter, Bristoi-Myers-Squibb, Seattle, WA) 44 ; anti-CD4 (GK1.5; pro- 
vided by Dr Frank Fitch, University of Chicago, Chicago, IL) 45 ; an 
irrelevant rat IgG2 antihuman antibody (3A1E) 46 was used as a 
negative control in all experiments. In some experiments, additional 
tubes included the following PharMingen (San Diego, CA) MoAbs: 
anti-TCR at/3 (clone H57-597, hamster IgG), 47 anti-CD3e (clone 
145-2C11, hamster IgG), 48 B220 (clone Ra3-6B2, rat IgG2a), 4y 
CD45R (clone 16A, rat lgG2a), 50 CD28 (clone 37.51, hamster 
IgG), ,6J7 inter!eukin-2R (IL-2R) (clone 7D4, rat IgM), 51 TCR y/S 
(clone GL3, hamster IgG), 52 NK1.1 (clone PK136, mouse IgG2a), 53 
CD69 (clone H1.2F3, hamster IgG), 54 and Macl a subunit (CD 18, 
clone Ml/70.15.11, rat IgG2b). 35 

Hematologic evaluation of recipients post-BMT. Fifty microli- 
ters of peripheral blood was obtained by retro-orbital venipuncture 
on days 28 and 90 post-BMT Leukocyte number and morphology 
were determined by examination of Wright-Giemsa-stained slides. 39 
Hematocrit percentages were determined by capillary tube RBC-to- 
plasma volume ratios after centrifugation. 

Pathologic examination of tissues. Mice were killed, autopsied, 
and tissues were taken for histopathologic analysis. All samples 
were placed in 10% neutral buffered formalin, imbedded in paraffin, 
sectioned, and stained with hematoxylin and eosin for histopatho- 
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logic assessment. Organs were scored positive for GVHD if there 
was single-cell necrosis (skin, colon j. crypt dropout (colon), peripor- 
tal infiltrate with acute necrosis (liver), or cndothelialitis with a 
lymphocytic infiltrate (lung). 5 '* -57 In previous studies, these feai ures 
were present only in mice with active. GVHD and not in normal 
mice or in irradiated recipients of syngeneic BMT. 

Statistical analyses. Group comparison of continuous dala were 
made by Student's /-test. Survival data were analyzed by lifeiable 
methods using the Mantel- Pcto-Cox summary of x 2 ** Probability 
(P) values < .05 were considered sigmiicant. 

RESULTS 

hCTLA4-lg is partially effective in preventing lethal 
GVHD induced across the fit! I major 'Histocompatibility com- 
plex (MfIC). For our initial experiments, we chose to in- 
fuse hCTLA4-Ig at 100 pg every other day through day 
25 post-BMT based on achievable sera concentrations 35 and 
known in vivo half-life determinations (approximately 2.8 
days).* 4 Six or eight mice per group received transplants. 
Recipients of hCTLA4-Ig had a significant (P = .0033) in- 
crease in 96-day actuarial survival rale compared with recipi- 
ents of the irrelevant, species-specilic isotype control MoAb 
(hL6) (67% v 0%. respectively) (rig 1 A; Table I . experiment 
1 ). hCTLA4-Ig-treuted mice survived at a lower rate than 
recipients of anti-Thy 1.2 + C'-trenled cells (100% actuarial 
survival rate, P = .074. compared with hCTLA4-Ig) and had 
weight loss (Fig IB) and a clinical appearance consistent 
with GVHD. 

On day 90 post-BMT, four hCTLA4-Ig- treated mice 
(mean weight = 20.0 g) and six recipients of anti-Thy 1 .2 
+ C'-trcated (TCD) BMS (mean weight ^ 27.2 g) were 
killed for histopathologic analysis of GVHD target organs. 
Histologic examination documented that GVHD was present 
in ail recipients of hCTLA4-]g. involving the liver, lung, 
and colon, but was absent in recipients of TCD BMS. 

Flow cytometry analysis of day 96 post-BMT was per- 
formed on spleen, thymus, peripheral blood, and BM from 
individual mice in these two groups (from Fig 1 ). Compared 
with recipients of in vitro TCD BMS, there was a trend 
toward lower splenocyte numbers in recipients of hCTLA4- 
Ig and significant reductions in the absolute numbers of B 
lymphocytes and CD4 + cells (Table 2), involving both 
CD45R + (memory cells) and CD45R" cells to similar de- 
grees (data not shown). No significant differences were noted 
in the number of splenic CD8 + cells, TCR a/0 + CD4"CD8~ 
(cells with putative counterregulatory properties), 59,60 or 
Macl + (myelomonocytic) cells between these two groups 
(Table 2). The number of splenic CD3e + NKl.l\ 61 CD25 + 
(IL-2R + ) T cells, CD69 + T cells, and TCR y/6 + cells was 
also not significantly different between the two groups, 
whereas CD3e~ NKI.1 + cells were modestly higher in the 
TCD BMS group (data not shown). Host cells (averaging 
1% of the total population) were detectable only in recipients 
of anti-Thy 1.2 + C'-treated BMS. 

Peripheral blood mononuclear cells analysis was similar 
to the splenic analysis demonstrating significant reductions 
in the proportions of B lymphocytes and CD4 + T cells but 
not CD8" T cells. Thymic flow cytometry analysis did not 
show any reductions in the absolute number of mature 
CD3c" f CD4 + CDS" T cells. BM How cytometry studies also 



did not show any significant differences in the number of B 
or T lymphocytes, TCRa/£ + CD4~CD8-, cells or Macl + 
cells between these two groups. Thus, there was a peripheral 
but not central reduction in the number of mature B lympho- 
cytes and CD4 + T cells. 

A higher hCTLA4-lg dose does not improve GVHD-free 
survival In experiment 1 (Table 1; Fig 1) described above, 
CTLA4-Ig levels were measured post-BMT during (day 2i 
post-BMT) and 7 days postinfusion termination. On day 21 
post-BMT, five of six mice initially analyzed had levels of 
15 pglmL within the range of previous reports in normal 
mice, 33 whereas the remaining mouse had a sera level of 4.5 
jLtg/mL hCTLA4-Ig. In vitro, hCTLA4-lg at concentrations 
of 1 to 5 //g/mL completely suppresses the mixed lympho- 
cyte response of donor strain C57BL/6 splenocytes toward 
irradiated host strain B10.BR splenocytes (data not shown). 
On day 35 post-BMT (7 days after discontinuation of 
hCTLA4-lg injections), three of these six mice had nonde- 
legable (<0. 1 //g/mL) sera hCTLA4-lg levels and the re- 
maining three had 0.25. 1.25, or 5 //g/mL. Two of the three 
mice with the highest levels on day 28 survived the observa- 
tion period, whereas two of three mice with the lowest levels 
died 2 to 4 weeks later. These data suggested that mice might 
benefit from a higher dose of hCTLA4-lg that permit a more 
prolonged period of sustained hCTLA4-fg levels. 

Therefore, we increased the dose of hCTLA4-Ig to 250 
/jg/injection and began injections 1 day pre-BMT so that 
mice would have circulating hCTLA4-Ig on the day of BMT 
and continued every other day through day 25 post-BMT. 
Seven or eight mice per group received transplants (Table 
1, experiment 2). Actuarial survival rate was not further 
improved with 250 pg per injection compared with 100 pg 
per injection in the first experiment. Although the actuarial 
survival rate was significantly (P = .042) higher in recipients 
of hCTLA4-Ig compared with hL6, only 13% of hCTLA4- 
Ig survived the 2-month observation period. The actuarial 
survival rate in recipients of hL6 was 0% on day 46, similar 
to the 0% observed on day 45 in the first experiment. Median 
survival times (MSTs) were also similar, suggesting that the 
differences in the present experiment were not related to the 
severity of the GVHD response in these two experiments. 

We compared hCTLA4-Ig at a dose of 100 pg per injec- 
tion to 250 pg per injection beginning on day - 1 pre-BMT 
and continuing every other day through day 29 post-BMT. 
An additional group of mice was injected every other day 
with 100 pg per injection from day -1 through +15 to 
further minimize potential immune responsiveness (Table 1, 
experiment 3). Compared with the PBS-treated control 
group, recipients of hCTLA4-Ig at 250 pg per injection or 
100 pg per injection through day 15 post-BMT had a sig- 
nificantly (P = .019; P = .023, respectively) higher actuarial 
survival rate, whereas recipients of 100 pg per injection 
through day 29 did not (P = .21). None of the recipients of 
hCTLA4-Ig survived beyond day 37 post-BMT. Histologic 
examination was consistent with GVHD in a pattern similar 
to that observed in experiment 1 described above. 

mCTLA4-lg is not superior to hCTLA4-lg in preventing 
lethal GVHD. To further reduce the possibility that 
hCTLA4-Ig was only partially effective because a xenoge- 
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Fig 1. hCTLA4-lg administered in vivo to lethafly 
irradiated recipients of fully allogeneic BMS grafts 
significantly reduces GVHD-induced mortality. 
B10.BR recipients were Sethatly irradiated and trans- 
planted with 25 x 1 0 6 C57BL/6 BM + 25 x 10 6 C57BL/ 
6 splenocytes. One group received splenocytes that 
were treated in vitro with anti-Thyl. 2 + C. Mice 
were injected with hCTLA4-lg or hL6 {700 /xg per 
injection every other day from days 0 through 25 
post-BMT} or PBS. Six (hCTLA4-ig; hL6) or 8 (PBS; 
anti-Thy1.2 + C'-treated BMS) mice per group re- 
ceived transplants. (A) Actuarial survival is plotted. 
{8} Mean weight curves are plotted for the same ex- 
periment. 



neic protein response could be generated in vivo, we com- 
pared the actuarial survival rates of recipients of hCTLA4- 
Ig to mCTLA4-Ig at a dose of 100 pig per injection days - 1 
to +13 post-BMT and then thrice weekly through day 29 
(hCTLA4-Ig) (n = 8 per group) or day 22 (mCTLA4-Ig, 
because of limited material availability) (n = 5) post-BMT 
(Table 1, experiment 4). We have previously used this more 
intensive administration schedule to completely prevent le- 
thal GVHD in this system with anti-CD3eF(ab') 2 frag- 
ments. 37 

Compared with their respective irrelevant control MoAbs, 
recipients of hCTLA4-Ig or mCTLA4-ig had a significant 
(P = .0056; P = .0094. respectively) increase in 83-day 
actuarial survival rate (0% and 0% v 25% and 0%, respec- 
tively) (Table 1, experiment 4). Recipients of hCTLA4-Ig 
did not have a significantly (P = .49) higher actuarial sur- 
vival rale than recipients of mCTLA4-Ig. Weight daia during 
the injection period for aiCTLA4-Jg initially suggested that 
mCTLA4-lg would have a highly efiicacious anti-GVHD 



effect, although once injections were discontinued, mice rap- 
idly developed clinical signs of GVHD (not shown). 

Peripheral blood was analyzed on days 15 and 28 post- 
BMT (Table 3). Compared with recipients of in vitro TCD 
BMS (GVHD-free control), recipients of PBS had leukope- 
nia caused by a profound lymphopenia and a lower hemato- 
crit value on days 15 post-BMT. Recipients of hCTLA4-Ig, 
hL6, or mCTLA4-Ig showed similar results along with a 
relative neutrophilia that has been noted to occur in the early 
phases of a GVHD reaction. 62 Lymphopenia, anemia, and 
neutropenia were also observed on day 28 post-BMT in 
recipients of either hCTLA4-Ig or mCTLA4-lg. 

A kinetic (day 7, 11, 14, and 21 post-BMT) How cytome- 
try analysis of reconstituting donor splenic T cells and BM 
was performed on a separate cohort of 16 mice per group 
(hCTLA4-Jg; hL6; in vitro TCD BMS; PBS) segregated 
from the survival cohort at the beginning of the experiment 
(Table 4). Congeneic C5 7 BL/6 donors were used to permit 
determination of the origin of repopulating cells post-BMT, 
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Table 1. Effect of CTLA4-lg on GVHD-lnduced Mortality in B10.BR Recipients of C57BL/6 BMS 



Exp. No. 


In Vivo 


No. BMT 


In Vivo Dose, Schedule 


MST (d) 


% Actuarial Survival (d) 


P Value (vL6)* 


1 


No treatment 


8 


NA 


29 


0 (58) 






Anti-Thy1.2 + C in vitro 


8 


NA 


>96 


100 (96) 






hCTLA4-lg 


6 


100 /i.g qod d 0 to 25 


>96 


67 (96) 


.0033 




hL6 


6 


100 j/g qod d 0 to 25 


26 


0 (45) 




2 


No treatment 


8 


NA 


33 


0 (39) 






Anti-Thyl.2 + C in vitro 


8 


NA 


>62 


100 (62) 






hCTLA4-lg 


7 


250 qod d -1 to 25 


39 


13 (62) 


.041 




hL6 


8 


100 jug qod d -1 to 25 


34 


0 (46) 




3 


PBS 


8 


d -1 qod to 29 


22 


0 (29) 






Anti-Thy1.2 + C in vitro 


8 


NA 


>100 


100 (100) 






hCTLA4-ig 


8 


100 fig qod d -1 to 29 


21 


0 (39) 


.21 




hCTLA4-lg 


8 


250 pg qod d -1 to 29 


26 


0 (36) 


.019 




hCTLA4-lg 


8 


100 qod d -1 to 15 


28 


0 (37) 


.023 


4 


PBS 


8 


-I to 13+ qod 15-29 


29 


0 (34) 






Anti-ThyT.2 + C in vitro 


8 


NA 


>83 


100 (106) 






hCTLA4-fg 


8 


100 fig qod d -1 to 29 


37 


13 (106} 


.007 




hL6 


8 


100 fjg qod d -1 to 29 


25 


0 (28) 






mCTLA4-lg 


8 


100 fig qod d -1 to 22 


41 


0 (61) 


.009 




mL6 


8 


100 ;ig qod d -1 to 22 


22 


0 (30) 




5 


PBS 


8 


- 1 to 28 


28 


13 (77) 






Anti-Thy1.2 f C in vitro 


8 


NA 


>46 


100 (77) 






mCTLA4-lg 


8 


100 fig d -1 to 28 


45 


38 (77) 


.035 




mL6 


8 


100 pg d -1 to 28 


26 


0(57) 





B10.BR recipient mice were lethally irradiated on day -1 pre-BMTand administered 25 x 10 6 C57B176 BM ceJis + 25 x 10 6 C57BU6 splenocytes 
(BMS) on day 0. Recipients were injected intraperitoneal^ with human CTLA4-lg (hCTLA4-lg), mouse CTLA4-lg (mCTLA4-lg), irrelevant human 
or mouse proteins (hL6; mL6), or PBS at the indicated doses and schedules shown above. The number of mice undergoing BMT is listed. P 
values shown were by log-rank analysis of Kaplan-Meier actuarial survival curves. Experiments are shown in sequential order performed. 

Abbreviations: qod, every other day; NA, not applicable. 

* In experiment 3, P value is compared with PBS group. 



originating from donor splenocytes (Ly 5.2 + ). donor BM (Ly 
5.r. U-2* + ) t or host (Ly 5.l + , H-2 fe + ). 

On days 7 (data not shown) and ! 1 post-BMT, there were 
significantly higher numbers of mature (Ly 5.2^) donor-de- 
rived splenic-localized T cells in recipients of hCTLA4-Ig, 
hL6, or PBS compared with in vitro TCD BMS. CD4 + and 
especially CD8" T cells appeared lo be similarly increased 
in these three groups relative to the in vitro TCD BMS 
group. Donor (H-2 b+ ) BM-derived (Ly 5.P) B cells were 
significantly decreased and myelomonocytic (Macl + ) cells 
were significantly increased on day 1 1 post-BMT (data not 
shown). This was followed on day 21 post-BMT by a state 
of splenic hypoplasia in these three groups (data not shown). 
Throughout the study period, only recipients of in vitro TCD 
BMS had detectable numbers of host cells. There were few 
(=s2 X 10 6 per spleen) NKL1 + cells, CD4 + CD45R + , 
CD4 + CD45R" or IL-2R + T cells, Ly5.2 + Macl + or B220 + 
cells, and virtually no detectable TCRa//? + 4~8~ cells in any 
of the four groups (data not shown). 

The most striking aspects of the BM analysis in recipients 
of PBS, hCTLA4-Ig, or hL6 compared with in vitro TCD 
BMS were (1) reduced total BM celluiarity on day 14, and 
(2) reduced numbers of donor (H-2 b ) Ly 5.1 + B cells with 
increased numbers of donor Ly 5.2 f T (CD4 + or CD8 + ) 
cells and Macl + cells presenl throughout the study period 
(data not shown). When comparing recipients of hCTLA4- 
Tg to hL6 or PBS, no significant differences in these parame- 
ters were apparent. 



Daily IP injections of mCTLA4-Ig do not eliminate lethal 
GVHD. In experiment 4, mice appeared GVHD-free while 
receiving mCTLA4-Jg but rapidly developed GVHD after 
discontinuation of mCTLA44g injections (data not shown). 
Therefore, we reasoned that a more prolonged injection pe- 
riod might be more efficacious in preventing GVHD. Mice 
were injected with mCTLA4-Ig or mL6 (100 jug per injec- 
tion) IP daily beginning on day —1 and continuing through 
day 28 post-BMT. Eight mice per group (including in vitro 
TCD BMS; PBS controls) received transplants (Table 1, 
experiment 5). 

Murine recipients of daily mCTLA4-Ig had a significantly 
(P - .035) higher 77-day actuarial survival rate (38% v 0%, 
respectively) compared with recipients of mL6 (Table 1, 
experiment 5). Mice were not GVHD-free by clinical exami- 
nation. Twelve days post-BMT, mean body weights were 
1.2 g higher in recipients of mCTLA4-Ig compared with 
mL6. After this period of time, both groups had a comparable 
daily loss in mean body weights reaching a steady-state nadir 
at 23 days post-BMT (data not shown). Thus, daily 
mCTLA4-Ig at a dose of 100 fig per injection IP was not 
superior in protecting mice against lethal GVHD compared 
with hCTLA4-lg historical controls (eg, Table 1, experiment 
1). 

DISCUSSION 

We have shown that in vivo blockade of CD28/ 
CTLA4:B7/BB1 T-cell costimulation with CTLA4-Ig con- 
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Table 2. Multi-Organ System Phenotypic Analysis of Long-Term Survivors Administered Anti-Thy1.2 + C'-Treated BMS or hCTLA4-lg In Vivo 



Group 



Total 
Counts 



cor 

CD4 ' 



CD3* 
CD8 1 



TCFW/T 



Mac" 



Anti-Thy1.2 + C 
hCTLA4-lg 



Anti-Thyl.2 + C 
hCTLA4-lg 



Anti-Thy1.2 
hCTLA4-lg 



90 (7) 
65 (7)« 



ND 
ND 



55 (7) 
47 (19) 



Host 

1 (0) 
0 (Ol- 



i-lost 

1 (0) 
0 (0)t 



ND 

ND 



Splenocytes (absolute no.) 



Donor Cells 



36 (6} 
64 (7)* 



94 (1) 
97 (2) 



ND 
ND 



57 (3) 
26 (10)t 



19 (2) 
6 (2)1 



6 (1) 
5 (1) 



Peripheral Blood Mononuclear Cells (%} 



Donor Cells 



52 (2) 
23(10)t 



28 (2) 
13 (4>t 



5 (0) 
11 (5) 



Thymus (absolute no.) 



ND 
ND 



7 (1) 
10 (4) 



3 (0) 
3 (1) 



BM (absolute no.) 



8(1) 
7 (1) 



ND 
ND 



CD4 J 8 t 

43 (5) 
33 (13) 



11 (1) 
13 (6) 



ND 
ND 



ND 
ND 



Anti-Thyl.2 + C 
hCTLA4-lg 



52 (5) 
51 (22) 



Host 



0 (0) 
0{0) 



Donor Cells 



49 (6) 
51 (24) 



13 (1) 
8(3) 



CD4' or CD8 J 

2 (0) 
2 (1) 



3(0) 
3 (1) 



16 (2) 
24 (12) 



Ninety-six days post-BMT, peripheral blood, splenocytes, BM, and thymocytes were obtained from mice in Fig 1 administered anti-Thyl.2 + 
C'-treated BMS (n = 6) or nontreated BMS with in vivo hCTLA4-lg (100 IP every other day from days 0 to 25) (n = 4). Two- or three-color 
fluorescence-activated cell sorter (FACS) analysts was performed as described in Materials and Methods. The numbers in parentheses are 
values for the standard error of the mean. All values listed are percent (as indicated) or absolute values x 10~ 6 . Zero indicates 0% or <0.5 x 
10 6 cells, as appropriate. 

Abbreviation: ND, not determined. 

* P < .01 > .05. 

t P < .05. 



sistently reduces lethal GVHD in murine recipients of fully 
allogeneic BMS, significantly prolonging survival rates with 
up to 63% of mice surviving greater than 3 months post- 
BMT. Prolongation of actuarial survival rates was variable 
with 0% to 63% of CTLA4-lg- treated mice surviving the 
entire observation period. The reasons for the variable effect 
on survival are unclear. Histologic examination of hCTLA4- 
Ig— treated recipients dying with clinical signs of GVHD 
showed evidence of GVHD in the liver, lung, and colon 
with similar findings as observed in recipients of irrelevant 
antibody or saline injections. Flow cytometry analysis of 
long-term survivors showed a B-cell and CD4 + T-cell lym- 
phopenia in the peripheral blood and spleen, also consistent 
with GVHD in some strain combinations. 62 No significant 
differences were noted in the centra! compartments (thymus 
or BM) suggesting that the findings in the peripheral com- 
partments (spleen and the blood) may reflect an earlier post- 
BMT period of more active GVHD. 

Because GVHD prevention was incomplete, perhaps 
CTLA4-Ig infusions were less effective in inhibiting the 
particular T-cell subset responsible for mediating GVHD in 
this strain combination. Several lines of evidence indicate 
that both T-cell subsets, CD4^ and CD8 + T cells, contribute 



to the GVHD process. Depletion of both CD4 + and CD8 + 
T cells with anti-CD4 + anti-CD8 MoAbs prevents lethal 
GVHD, whereas in vivo depletion of CD4^ T cells alone is 
partially effective and depletion of CD8 + T cells alone is 
marginally beneficial (B.R.B., P.A.T., D.A.V.: unpublished 
observations, May 1992). The in vivo administration of rapa- 
mycin, a macrolide immunosuppressive agent that blocks 
cytokine signal responsiveness, 63 eliminates lethal GVHD 
and is associated with a reduction in the expansion of early 
mature donor splenic-derived CD4 + T cells and later (post- 
BMT) is associated with a reduction in the number of mature 
donor splenic-derived CD8 4 " T cells. In other studies, the 
presence of CD3e + CD8 + T cells on day 14 post-BMT ap- 
peared to be closely associated with GVHD 57 and in vitro 
depletion of T cells with cytolytic capacity prevents 
GVHD. 39 * 40 Together, these studies suggest that CD4 + T cells 
drive the expansion of CD8 + T cells and may, especially in 
the absence of CD8 + T cells, directly participate in the 
GVHD tissue destructive process. 

To be effective for GVHD prevention, CTLA4-Ig infu- 
sions must inhibit the expansion of donor CD4 + and CD8 + 
T cells in this strain combination. Did this occur? Flow 
cytometry studies showed that CDS ' T-cell rcpopulation was 
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Table 3. Effect of CTLA4-lg on Hematopoietic Reconstitution in B10.BR Recipients of C57BL/6 BMS Grafts 



Day 15 Day 28 



Group 


WBC 


ANC 


ALC 


Hct 


WBC 


ANC 


ALC 


Hct 


Anti-Thy1.2 + C 


6.6 (0.7) 


1.3 (0.1) 


5.3 (0.7) 


48.8 (0.9) 


9.8 (0.9) 


2.1 (0.6) 


7.6 (0.) 


47.4 (0.7} 


PBS 


1.6 (0.3)* 


1.1 (0.3) 


0.5 (0.1)* 


45.6 (0.8)* 


1.2 (0.2)* 


1.1 (0.2) 


0.1 (0.0) 


45.3 (2.4) 


hCTLA4-lg 


2.7 (0.4)* 


2.0 (0.3)* 


0.7 (0.1)* 


43.1 (1.0)* 


1.5 (0.4)* 


0.8 (1.0)* 


0.7 (0.4) 


41.1 (3.6)t 


hL6 


3.5 (0.5}* 


2.6 (0.4)* 


0.9 (0.1)* 


40.9 (1.3)* 


ND 


ND 


ND 


ND 


mCTLA4-lg 


2.2 (0.3)** 


1.5 (0.3)S 


0.7 (0.1)** 


41.3 (1.1)* 


1.3 (0.2)* 


0.6 (0.1)* 


0.6 (0.2) 


34.2 (0.5)* 


mL6 


1.0 (0.3)* 


0.6 (0.2)* 


0.3 (0.9)* 


35.3 (9.5)t 


0.8" 


0.7 !! 


0.1" 


33.0" 



All surviving mice (n = 4 to 8 per group, unless indicated} from Table 1, experiment 4, were analyzed for hematopoietic reconstitution on 
day 28 post-BMT. Values for WBC, ANC, and ALC are absolute numbers (x10~ 6 //*L); values for Hct are percent. All values are followed by 
standard error of the mean values in parentheses. 

Abbreviations: ND, not determined; WBC, white blood cell count; ANC, absolute neutrophil count; ALC, absolute lymphocyte count; Hct, 
hematocrit. 



* P < .05 compared with anti-Thy1.2 + C'-treated BMS. 

t P > .05 and <.1 compared with anti-Thy1.2 + C'-treated BMS. 

* P < .05 compared with the appropriate irrelevant control MoAb. 
§ P > .05 and <.1 as the appropriate irrelevant control MoAb. 

" Only one mouse remained in this group on day 28 post-BMT. 



not inhibited by hCTLA4-ig injection. CDS'*' T cells were 
tlie predominant T-cell population at all time periods post- 
BMT in hCTLA4-Ig -treated mice despite the fact that the 
donor spleen used to generate GVHD contains approxi- 
mately twofold more CD4 + compared with CD8 + T cells. 
Others have shown that costimulation of T cells by 
B7:CD28/CTLA4 interaction can facilitate the generation of 
CTLs from resting T cells in viiro w or in vivo. 65,66 Mice 
receiving hCTLA4-Ig, hL6, or PBS had comparable numbers 
of mature splenic donor-derived CDS* T cells, each higher 
than recipients of in vitro anti-Thy 1 .2-r C'-treated BMS on 
days 1 1 and 14 post-BMT. 

There was a trend toward greater numbers of CD4 + T 
cells in these groups compared with in vitro anti-Thy 1.2 + 



C'-treated BMS. We had anticipated that hCTLA4-Ig would 
inhibit donor CD4 + T-cell expansion because (1) blockade 
of B7 binding to CD28/CTLA4 in vitro inhibits murine or 
human antigen-specific T-helper type 1 (IL-2- producing) 
clones from recognizing antigen present during block- 
ade 18.24.33,34.67, (2) CTLA4 _ Ig infusion in vivo in rats de- 
creases proliferative responses to allogeneic cardiac allo- 
grafts, even in nontolerant rats 37 ; (3) CD28 deletional mice 
had impaired T-helper cell-dependent facilitation of IgGl 
and lgG2b Ig synthesis and lectin-induced mitogenicity 68 ; 
and (4) a significant GVHD protective effect was observed 
in a CD4^ T-cell -mediated GVHD system when resting 
host B cells, which do not constitutively express B7, were 
injected into donors 7 to 11 days before harvesting spleno- 



Table 4. Sequential Early Post-BMT Splenic Phenotypic Analysis of Recipients of Anti-Thyl.2 + C'-Treated BMS or hCTLA4-lg In Vivo 



Ly5.2 



Group 


Total Counts 


LyB.I H-2 b 


Ly5.2 H-2 b 


CD3 + 


CD4 + 


cor 








Day 11 








Anti-Thyl.2 + C 


30 (1) 


23 (2) 


2 (0} 


1 (0) 


1 (0) 


0 (0) 


PBS 


42 (5) 


28 (3) 


6 (1)* 


5(1)* 


2 (0)t 


3 (0)* 


hCTLA4-lg 


61 (6)* 


43 (3)* 


10 (2)* 


8 (2)* 


2<0)t 


5 (1)* 


hl_6 


43 (8) 


32 (7) 


7 (U* 


5 (1)* 


2 (1)t 


3 (0)* 








Day 14 








Anti-Thy 1.2 + C 


44 (6} 


35 (5) 


2 (1) 


1 (0) 


1 (0) 


1 (0) 


PBS 


43 (10) 


28 (7) 


10 <3>r 


8(2>t 


3(2) 


5(2)* 


hCTLA4-lg 


24 (5Jt 


17 (4}t 


5(2) 


4(1) 


1 (0) 


3 (t)t 


hl_6 


15 (4)* 


9 {2)* 


4 (1) 


3(1)* 


1 (D 


2 (1) 


Four mice per group from Table 1, experiment 4, were killed at the indicated day post-BMT for two- or three-color FACS analysis of splenocytes 
as described in Materials and Methods. All values listed absolute values x TO -6 . The numbers in parentheses are values for the standard error 



of the mean. 

* P < .05 compared with anti-Thyl.2 + C'-treated BMS. 

t P < .1 and >.05 compared with anti-Thy1.2 + C'-treated BMS. 

* P < .05 comparing hCTLA4-lg with hL6. 

§ P < 0.1 and >.05 comparing hCTLA4 tg with hL6. 
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cytes as a source of GVHD-causing T cells. 69 The donor T 
cells were specifically nonresponsive to host but not third 
party alloantigens in vitro and in vivo. A lesser effect was 
seen in a fully allogeneic strain combination, which typically 
requires participation of CD4 + + CDS" T cells. We cannot 
reach definitive conclusions as to whether hCTLA4-Ig injec- 
tions significantly inhibited CD4 4 ' T-cell repopulation post- 
BMT because of the relatively small differences in the num- 
ber of donor CD4 + T cells in the spleens of control recipients 
of PBS compared with anti-Thyi.2 + C'-treated BMS. 

From the How cytometry data, we do not know if CTLA4- 
Ig provided an inadequate inhibition of just donor CD8 + T- 
cell expansion or if both CD4 + and CDS" T cells were not 
sufficiently inhibited. Future experiments infusing CTLA4- 
Ig in GVHD systems that are known to be controlled exclu- 
sively by CD4 +70 - 71 or CD8 +70 - 71 T cells are indicated. 

One possible explanation for our findings is that CTLA4- 
Ig could be less effective in inhibiting primed T cells. In a 
lethal acute GVHD system, early post-BMT, there is likely 
a massive priming and expansion of donor cells with aliore- 
active capabilities that may be less susceptible to CTLA4- 
Ig inhibition. However, Tan et al 3- ' have shown thai CTLA4- 
Ig in vitro can block primed human T cells generated in a 
mixed lymphocyte culture reaction. In addition, Lin et al ,s 
have recently shown that CTLA4-lg was more effective in 
preventing cardiac allograft rejection in rats when adminis- 
tered 2 days after leukocyte priming. Because we have not 
directly tested whether delayed infusion of CTLA4-Ig after 
an initial priming period would be more effective than the 
strategies reported in this manuscript, we are unable to re- 
solve this issue. 

We also cannot exclude the possibility thai the administra- 
tion of CTLA4-Jg favored ;he development of a particular 
subset of T cells that contributed to the GVHD process. 
Although blockade of 87:CD28/TLA4 interaction has been 
shown to induce anergy in CD4" Thl cells, CD4 r Th2 (IL- 
4- or IL- 10— producing T-helper cells) cells have not been 
rendered anergic under similar conditions. Tan et al 33 showed 
that CTLA4-Ig blockade of primed T cells did not affect IL- 
4 mRNA accumulation at a time when Thl cytokine (IL-2 
and interferon y) mRNA accumulation was markedly re- 
duced, suggesting that Th2 cells would be favored in terms 
of cell outgrowth. Also consistent with the hypothesis are 
data obtained with in vivo infusion of hCTLA4-Ig, which 
shows that secondary antibody response, typically facilitated 
by Th2 cells, is less dramatically affected than primary anti- 
body response. 35 However, Th2 cells have generally been 
implicated in mediating chronic murine GVHD, 72 and re- 
cently investigators have shown that the induction of Th2 
cells may be used to decrease acute GVHD. 73 Therefore, we 
do not favor this explanation for the partial effect of CTLA4- 
Ig on GVHD prevention. 

Because mice with higher CTLA4-lg sera levels appeared 
clinically healthier and survived longer than mice with lower 
levels, we speculated that the amount of hCTLA4-lg admin- 
istered in our initial experiments might have been inadequate 
despite the fact that this amount provided significant in vivo 
biologic effects in other systems. 353 " However, neither a 2.5- 
fold greater amount of CTLA4-Ig protein nor prolongation 



of the injection schedule improved our initial results. We 
considered the possibility that hCTLA4-Ig was immuno- 
genic (because of the human Ig fusion partner), suggesting 
to us that a shorter duration of treatment would decrease 
immunogenicity and improve efficacy. This was not the case. 
We also tested whether mCTLA4-Ig, which has been ob- 
served to require a lower concentration to inhibit mixed 
lymphocyte culture responses in vitro, would be more effi- 
cacious than hCTLA4-Ig because the Cyl fusion partner is 
mouse rather than human Ig. This did not appear to be the 
sole explanation because direct comparative studies of each 
fusion protein did not support this hypothesis. We did not 
obtain sera for hCTLA4-Ig and mCTLA4-Ig levels in these 
experiments because mice had significant GVHD early post- 
BMT in all groups (except those receiving anti-Thyl.2 + 
C'-treated BMS) and would be at increased risk for adverse 
events associated with blood withdrawal. Although we do 
not know if mCTLA4-Ig was less rapidly cleared than 
hCTLA4-Ig in these experiments, regardless of whether 
mCTLA4-Ig persisted longer in the circulation, mCTLA4- 
Ig was not more advantageous for survival than hCTLA4- 
Ig in our studies. 

These data differ somewhat to those obtained in lelhally 
irradiated B6D2 (C57BL/6 X DBA/2:H-2 d/b ) Fl recipients 
of C57BL/6 allografts in which mCTLA4-Ig was more effec- 
tive than hCTLA4-Ig. Consistent with our data, actuarial 
survival rates of CTLA4-Ig- treated recipients were also 
variable. Up to 40% to 60% of recipients of mCTLA4-Ig 
surviving long term (>4 months post-BMT) 74 had evidence 
of GVHD as manifested by B lymphopenia, T-cell immuno- 
deficiency, and a pulmonary lymphocytic infiltration consis- 
tent with a sublethal GVHD syndrome. 57 Even though 
CTLA4-lg binds to activated B cells, CTLA4-Ig infusion is 
unlikely to directly result in depletion of mature B cells in 
either our studies or those of Wallace et al 74 because, in 
murine recipients of repeated sheep RBC immunizations, 
primed B cells are not inhibited from producing antisheep 
RBC antibody by CTLA4-Ig administration. 35 The overall 
similar results obtained in two distinct donor-recipient strain 
combinations differing by one (C57BL/6 transplanted into 
B6D2 Fl) or two (C57BL/6 transplanted into B10.BR) MHC 
haplotypes show that the anti-GVHD effect of CTLA4-Ig is 
not entirely strain dependent. 

Because CTLA4-Ig blocks T-cell costimulation and T 
cells can facilitate hematopoietic recovery post-BMT, we 
were interested in discerning if CTLA4-Ig would inhibit 
early post-BMT hematopoietic reconstitution. Neither 
hCTLA4-lg nor mCTLA4-Ig interfered with hematopoietic 
recovery 15 days post-BMT. Hematopoietic parameters in 
CTLA4-Ig- treated mice were consistent with GVHD and 
included neutrophilia, lymphopenia, and lower hematocrit 
values. 62 In hCTLA4-Ig- or mCTLA4-lg- treated B6D2 Fl 
recipients of C57BL/6 allografts, a reduction in early (day 
7) and long-term (>100 days) post-BMT peripheral blood 
leukocytes was observed, which did not occur in syngeneic 
recipients of hCTLA4-Ig, suggesting that the leukopenia was 
a reflection of sublethal GVHD. 71 

In summary, we have shown that CTLA4-Ig consistently 
and significantly reduces lethal GVHD in murine recipients 
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of fully allogeneic donor cells without interfering with hema- 
topoietic recovery post-BMT. Prolongation of actuarial sur- 
vival rates by CTLA4-Ig is variable and does not appear to 
be related to the dose, schedule, or species (human or mouse) 
of CTLA4-Ig. Surviving recipients have clinical, laboratory, 
and histologic evidence of GVHD that we hypothesize is 
related, at least in part, to the relative inefficiency of inhibi- 
tion of expansion of mature donor spleen-derived CD8" T 
cells, the final mediators of GVHD in this strain combina- 
tion. Experiments combining CTLA4-Ig administration with 
other agents that block costimulatory capacity or partially 
inhibit T-cell function may further improve the anti-GVHD 
efficacy of CTLA4-Ig and permit the in vivo induction of 
host ailoantigen nonresponsiveness. 
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Appendix E 



•response to distinguish differences among the 
human islet donors also supports the direct 
recognition of the polymorphic MHC prod- 
ucts expressed on the human islet cells. The 
future of immunosuppressive therapies in 
transplantation and autoimmune disease de- 
pends on their ability to induce long-term, 
antigen-specific unresponsiveness. The capac- 
ity of CTLA4Ig to significantly prolong hu- 
man islet graft survival in mice in a donor- 
specific manner suggests that blocking the 
interaction of costimulatory molecules such as 
• CD28-B7 may provide an approach to immu- 
nosuppression. 
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Immunosuppression in Vivo by a Soluble Form of 
the CTLA-4 T Cell Activation Molecule 

Peter S. Linsley*, Philip M. Wallace, Jennifer Johnson, 
Maryfou G. Gibson, JoAnne L Greene, Jeffrey A. Ledbetter, 
Cherry Singh, Mark A. Tepper 

In vitro, when the B7 molecule on the surface of antigen-presenting cells binds to the T cell 
surface molecules CD28 and CTLA-4, a costimulatory signal for T cell activation is gen- 
erated. CTLA4lg is a soluble form of the extracellular domain of CTLA-4 and binds B7 with 
high avidity. CTLA4lg treatment in vivo suppressed T cell-dependent antibody responses 
to sheep erythrocytes or keyhole limpet hemocyanin. Large doses of CTLA4lg suppressed 
responses to a second immunization. Thus, costimulation by B7 is important for humoral 
immune responses in vivo, and interference with costimulation may be useful for treatment 
of antibody-mediated autoimmune disease. 



Costimulatory signals delivered by anti- 
gen-presenting cells (APCs) have been pro- 
posed to control immune responses to trans- 
planted tissues (J). Antigenic stimulation 
of T cells in vitro in the absence of costim- 
ulation leads to aborted T cell proliferation 
and the development of functional unre- 
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sponsiveness or clonal anergy of T cells (2). 
Several molecules on APCs augment T cell 
proliferation (3, 4) and regulate functional 
unresponsiveness in vitro (4) - The B7 acti- 
vation molecule binds CD28 (5) and deliv- 
ers a costimulatory signal for T cell prolif- 
eration (6). T cell-dependent B cell differ- 
entiation requires the interaction of B7 
with CD28 (7). CTLA-4, a T ceil molecule 
homologous to CD28 (8), also binds the B7 
counter-receptor (9). CTLA4lg, a chimeric 
immunoglobulin C 7 fusion of CTLA-4, 
binds with high avidity (dissociation con- 
stant — 12 nM) to B7 and potently blocks T 
cell— dependent immune responses in vitro 
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(9) . CD28 probably participates in costim- 
ulation required to prevent anergy induc- 
tion in T cell clones (JO), in unresponsive- 
ness in human mixed lymphocyte reactions 
(11), and in the costimulation of antigen- 
specific interleukin-2 production of human 
T cells (12). Despite data that indicate the 
importance of B7-CD28 interactions in the 
costimulation of in vitro T cell responses, 
the role of these interactions in regulating 
in vivo immune responses is unknown. 
Here, we show that CTLA4Ig is a potent 
suppressor of antibody responses in vivo. 

Human CTLA4Ig [human CTLA-4 and 
human immunoglobulin (Ig)] binds to mu- 
rine B7 and inhibits murine T cell responses 
in vitro (13). These findings led us to test 
the effects of human CTLA4Ig on murine 
immune responses in vivo. CTLA4Ig was 
purified to homogeneity by protein A chro- 
matography from a serum-free culture me- 
dium of transfected mammalian cells (14). 
The chimeric monoclonal antibody (MAb) 
L6, which has a murine region and a human 
Fc region, was used as a control. 

We first measured serum clearance of 
human CTLA4Ig in mice (Fig. 1). A plot 
of serum CTLA4Ig levels versus time was 
biphasic, giving a time of half-clearance 
(ho) °* ~4 hours and —30 hours for the 
two components. Serum clearance after 
multiple injections of CTLA4Ig was more 
complex and appeared dose-related. The 
tj /2 for the more slowly clearing component 
was increased to ~4 days after six daily 
intravenous injections of CTLA4Ig (200 jxg 
per injection), and functionally active 
CTLA4Ig was detected in mouse serum 
for up to ^-5 weeks after the last treatment 
with CTLA4Ig. No overt toxicity of 
CTLA4Ig was noted. 

The ability of CTLA4Ig to suppress for- 




0 10 20 30 40 50 60 70 80 
Time (hours) 

Fig. 1. Serum clearance of human CTLA4lg in 
mice. BALB/c mice were each given a single 
intravenous injection of 50 of CTLA4lg pre- 
pared from COS cells. At the indicated times, 
the mice were bled retro-orbitally. The binding 
of functional CTLA4lg from sera to B7 + CHO 
cells was measured by flow cytometry (6). 
CTLA4lg concentrations were quantitated by 
comparison of the degree of binding with the 
binding of known concentrations of CTLA4lg. 
Values represent mean concentrations ± SD 
from five mice. 



mation of plaque-forming cells (PFCs) that 
produce antibodies (Abs) to sheep red blood 
cells (SRBCs) was examined. CTLA4Ig or 
MAb L6 was administered daily by intrave- 
nous injection beginning immediately after 
administration of the SRBCs and continuing 
for 2 days. SRBC-specific PFCs were mea- 
sured on day 14 after immunization (Fig. 2). 
PFC formation was suppressed in CTLA4Ig- 
treated mice in a dose -dependent manner. 
CTLA41g suppressed the PFC response by 
>50% with as little as 1 |xg per injection and 
completely inhibited the response with 75 
\xg per injection. Administration of up to 
100 u,g per injection of chimeric MAb L6 
did not significantly affect PFC formation, 
which indicates that suppression by 
CTLA4Ig was not a result of the Fc portion 
of the molecule. 



We also' examined the ability of 
CTLA4Ig to suppress Ab responses to a 
soluble protein antigen, keyhole limpet 
hemocyanin (KLH) (Fig. 3). Administra- 
tion of CTLA4Ig after immunization sup- 
pressed Ab response to KLH. Maximal sup- 
pression was observed with a 3-day treat- 
ment with CTLA4Ig beginning immediately 
after immunization and continuing for 2 days 
thereafter (days 0 to 2) . Essentially identical 
suppression was seen if the start of CTLA4Ig 
administration was delayed for up to 2 days. 
These data indicate that B7 is not required 
for up to 2 days after immunization with 
KLH. Thus, B7-CD28 interactions are most 
likely to maintain or amplify an immune 
response rather than initiate it (5). Further 
delay in starting CTLA4ig treatment result- 
ed in less effective suppression; when treat- 



ment was started on day- 4 or r, 5^pia'rtial * 
suppression of Ab production was observed. 
This may indicate that B7-CD28 interac- 
tions also function at later stages, of, an 
immune response. ! ■ • 

The effect of CTLA4Ig on secondary Ab 
responses was examined. The mice were 
immunized with KLH, and on day 20 re- 
ceived a secondary immunization with KLH 
and treatment with CTLA4Ig or chimeric 
L6 (50 [Jig per mouse for 6 days). Serum 
titers of Abs to KLH rose from 2,600 ± 630 
(reciprocal dilutions ± SD) on day 20 to 
93,000 ± 29,000 on day 31 in chimeric 
L6-treated mice; in CTLA4Ig- treated mice, 
titers rose from 2,400 ± 100 to 23,000. + 
9,800. Thus, CTLA4Ig treatment could 
suppress secondary Ab responses to KLH, 
although less effectively than it suppressed 
primary responses. ' - .■>>' . ' 

Experiments were performed to elucidate 
the mechanism of immunosuppression by 
CTLA4Ig. Spleens removed on day 4 from 
mice immunized with SRBCs with or with- 
out chimeric L6 treatment were markedly 
enlarged. In contrast, spleens from mice 
immunized with SRBCs and then treated for 
3 days with CTLA4Ig (>>;~5Q >g per 
injection) were of normal size. Cell yields of 
spleens from SRBC-immunized mice, : with 
or without MAb L6 treatment, were ~1:6 
times greater than of spleens from naive and 
CTLA4Ig-treated mice. Thus, splenomegaly 
most likely resulted from antigen-induced 
lymphoproliferation. The relative numbers 
of T cells and total major histocompatibility 
complex (MHC) class II antigen-positive 
cells (B cells, monocytes, and dendritic 
cells) in treated and untreated mice were 
examined by flow cytometry (15). Spleno- 
cytes from naive mice, mice treated with 
SRBCs plus chimeric L6, and mice treated 
with SRBCs plus CTLA4Ig were 45 ± 5%, 
43 ± 4%, and 43 ± 7% positive for Thy- 
1.2, and 34 ± 5%, 38 ± 6%, and 34 ±, 4% 
MHC class II-positive, respectively. Splenor 
cytes isolated from mice treated with SRBCs 
and chimeric L6 or CTLA4Ig on day 4 had 
similar B7 expression (measured by 
CTLA4Ig binding) and also similar induc- 
tion of B7 expression as shown by overnight 
incubation in vitro with lipopolysaccharide 
(5). Spleen B cells from SRBC- and 
CTLA4Ig-treated animals on day 4 did not 
show decreased ability to mobilize Ca 2+ after 
surface Ig was cross-linked. Taken together, 
these results suggest that CTLA4Ig treat- 
ment did not result in gross depletions or 
changes in responsiveness of spleen B cells. 

In vivo immunosuppression by 
CTLA4Ig was associated with altered T cell 
responses (Fig. 4). Proliferative responses 
were measured for spleen cells from naive 
mice and from mice immunized in vivo 
with SRBCs and treated with chimeric L6 
or CTLA4Ig. Splenocytes from SRBC-im- 



Rg. 2. CTLA4lg suppresses in vivo induction of 
SRBC-specific piaque-forming cells. BDF^ 
(C57BL/6 x DBA/2) F, mice 6 to 8 weeks of age 
were left untreated or immunized by intrave- 
nous injection with 5 x 10 7 SRBCs and then 
treated with three daily intravenous injections of 
the indicated amounts of CTLA4lg or 100 ]kq of 
the chimeric MAb L6. After 14 days, spleen 
cells were assayed for SRBC-specific PFCs by 
indirect assay with the use of the method of 
Jerne et al. (23). Values represent mean ± SD 
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for five mice per group. Similar results were observed when direct PFCs were measured at day 4 
after injection. Suppression of PFC formation by CTLA4(g treatment in vivo was observed in four 
independent experiments. 



Fig. 3. CTLA4lg suppresses primary Ab re- 
sponses to KLH. BALB/c mice were left untreat- 
ed or immunized on day 0 by intraperitoneal 
injection of 250 \x.g of KLH without adjuvant. The 
mice were then treated by intravenous (tail 
vein) injection of chimeric MAb L6 (50 jig per 
day) from days 0 to 7 or by three daily injections 
on the indicated days with CTLA4lg (50 \ig per 
injection). Abs to KLH were measured by en- 
zyme-linked immunosorbent assay (ELISA) 
(24) on day 1 0. Values are expressed as mean 
titers (± SD) from five individual mice. Similar 
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results were observed in another independent experiment. Suppression of Ab responses to KLH by 
CTLA4lg treatment in vivo was observed in four independent experiments. 



Fig. 4. Splenocytes from CTLA4lg-treated mice 
show reduced antigen-specific T cell re- 
sponses in vitro. BALB/c mice were left untreat- 
ed (triangles) or were immunized with SRBCs (1 
x 10 s intravenously) and then treated for 3 
days with CTLA4lg (circles) or chimeric MAb L6 
(squares) (50 ^.g per animal per day intrave- 
nously). Splenocytes were isolated on day 19 
and were cultured at 2 x 10 6 cells/ml in FtPMI 
with 1 0% fetal bovine serum that contained the 
indicated concentrations of SRBCs. Cellular 
proliferation was measured by addition of 
[ 3 H]thymidine (1 ^Ci/weli) during the final 18 
hours of a 3-day culture. Where indicated, a 
F(ab') 2 fragment of the MAb 145-2C1 1 (to mu- 
rine CD3) {16) was added to a final concentra- 
tion of 5 u.g/ml at the beginning of the culture. Similar results were obtained in two stimulation 
experiments with a total of five treated and four untreated mice. 
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Fig. 5. Immunosuppression by CTLA4lg is pro- 
longed but not permanent. BALB/c mice were 
treated with nothing (black circles) or immu- 
nized with SRBCs plus L6 (200 (ig) {black 
squares), CTLA4lg (50 jig) (white circles), 
*CTLA4lg (100 jtg) (white squares), or CTLA4lg 
(200 M-g) (white triangles). Treatment with L6 or 
CTLA4lg was continued for 6 days. The mice 
were bled at the indicated times, and serum 
concentrations of Abs to SRBCs were mea- 
sured by ELISA {24). Ail mice received addi- 
tional injections of SRBCs on days 21 and 40. 
Values represent titers of pooled sera from five 

mice at each time point. Values for mice treated & 
with SRBCs only were identical to those for mice K e ?^f n Mcs 
Arrows indicate times of secondary and tertiary inject.ons of SRBCs. 




munized, chimeric L6-treated animals 
gave proliferative responses that were 
dose-dependent with respect to SRBCs; 
proliferation was blocked by F(ab') 2 frag- 
ments of a MAb to the T cell receptor 
complex (16). Thus, proliferation was T 
ccll-dependenc Splenocytes from SRBC-im- 
munized, CTLA41g-treated animals showed 
reduced T cell-dependent responses to 
SRBCs. In other experiments, splenocytes 
from SRBC-immunized, CTLA4Ig-treated 
animals showed normal responsiveness to 
concanavalin A. CTLA4Ig-treated animals 
also responded normally to allostimulation 
and to activation by a MAb to CD3 (17). 
These findings ate consistent with previous 
studies (9, 13) showing that CTLA4Ig 
blocks APC-induced T cell proliferation 
in vitro and suggest that inhibition of 
SRBC-specifk immune responses in vivo 
resulted at least in part from reduced 
antigen-specific T cell function. 

We determined the duration of the im- 
mune suppression that was induced by 
CTLA41g treatment after primary immuni- 
zation (Fig. 5). In this experiment, treat- 
ment with CTLA4Ig or chimeric L6 was 
continued for 6 days after immunization. 
Treatment with all doses of CTLA4Ig sup- 
w pressed primary SRBC IgGl Ab responses 
Ijf in pooled sera by >95%. Secondary Ab 
responses varied according to the dose of 
CTLA4Ig. Mice treated with 200 \ig of 
CTLA4Ig showed peak Ab responses that 
were suppressed -80% in comparison to 
J those of mice receiving a primary immuni- 
* zation and treated with chimeric L6 Mab. 
Similar results were obtained when IgM- 
and IgG2a-specific second-step conjugates 
i were used. Mice treated with 100 jxg of 
I * CTLA4Ig did not show suppressed second- 
ary responses, and those treated with 50 \ig 
' of CTLA4Ig gave accelerated responses. 

Identical conclusions were reached when 
' Ab levels in individual animals on days 25 
and 30 were determined. The group treated 
with 50 |ig of CTLA4Ig showed the great- 
est variation; three of five mice gave en- 
hanced primary responses, and two mice 
gave titers within the primary response 
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range. This suggests that some mice from 
this group exhibited immunological memo- 
ry even though their primary immune re- 
sponses were substantially blocked. The 
mice were reimmunized on day 40 with 
both SRBCs and KLH. SRBC responses for 
all groups increased with similar kinetics 
(Fig. 5), and KLH responses were identical 
(peak titers -10,000). 

Thus, treatment with large doses (IW 
jig) of CTLA4Ig led to prolonged immuno- 
suppression but not permanent tolerance of 
SRBCs. This was also the case with mice 
whose primary Ab responses to KLH were 
inhibited by CTLA4Ig (50 p,g for 3 days) 
(Fig. 3). We measured the amount of func- 
tional CTLA4Ig in sera from BALB/c mice 
(Fig. 5) by binding B7 + to Chinese hamster 
ovary (CHO) cells. Animals treated with 
50-, 100-, and 200- jig doses of CTLA4Ig 
had serum CTLA41g concentrations on day 
21 of 1, 5, and 10 jtg/ml, respectively. By 
the time the mice were reimmunized on day 
40, serum CTLA4Ig levels in all groups had 
dropped to <2 jig/ml. These data suggest 
that prolonged immunosuppression was as- 
sociated with the continued presence of 
CTLA4lg in serum. 

Recently, much attention {10-11) has 
been given to how CD28-B7 interactions 
provide the second or costimulatory signal 
required to maintain T cell responsiveness (2) 
in vitro. Support for the involvement of these 
interactions in regulation of in vivo tolerance 
is given by the findings of Lenschow et d. 
(18), who show that CTLA4Ig treatment 
induces long-term survival of pancreatic islet 
ceil xenografts. There are several possible 
explanations why we did not induce tolerance 
in our studies. SRBCs and KLH are extremely 
potent immunogens, and inducing tolerance 
to them may require greater blocking of B7 or 
additional blocking of other costimulatory 
molecules (19). It is also possible that certain 
T cell populations vary in their dependence 
on B7 costimulation for maintained respon- 
siveness. CTLA4Ig treatment may favor _the 
development of interleukin-4-producmg Th2 
cells, which are refractory to tolerization (20). 
Finally, our results may indicate that the 
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binding of human CTLA4Ig to murine B7 is ; 
suboptimal for induction of tolerance. Despite 
these possibilities, our data suggest that virtu- 
ally complete suppression (>95%) of in vivo 
immune responses by CTLA4Ig does not nec- 
essarily lead to tolerance. 

We demonstrated that CTLA4Ig is a 
potent immunosuppressive agent in vivo, in 
agreement with previous in vitro results (9, 
J 3). Our data suggest that CTLA4Ig has 
attractive features for an immunosuppres- 
sive drug (that is, in vivo stability, low 
toxicity, and high specificity). Immune reg- 
ulation and tolerance induction have been 
achieved by administration of M Abs. to T 
cell molecules involved in signal transduc- 
tion (21) or combinations of MAbs that 
block intercellular adhesion of lymphocytes 
(22). Immunosuppression by CTLA4Ig has 
shown promise as an approach to manipu- 
late immunity to transplants (18). Our 
results showing that CTLA4Ig also sup- 
pressed humoral responses suggest potential 
uses of CTLA4Ig in the treatment of Ab- 
mediated autoimmune diseases. 
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Activation-induced Ubiquitination of the 

T Cell Antigen Receptor 

Cristina Cenciarelli, Damon Hou, Kou-Ching Hsu, 
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The £ subunit of the T eel! antigen receptor (TCR) exists primarily as a disulfide-linked 
homodimer. This receptor subunit is important in TCR-mediated signal transduction and 
is a substrate for a TCR-activated protein tyrosine kinase. The £ chain was found to undergo 
ubiquitination in response to receptor engagement. This posttranslational modification 
occurred in normal T cells and tumor lines. Both nonphosphorylated and phosphorylated 
I molecules were modified, and at least one other TCR subunit, CD3 5, was also ubiq- 
uitinated after activation of the receptor. These findings suggest an expanded role for 
ubiquitination in transmembrane receptor function. 



Th e TCR is a multicomponent transmem- 
brane receptor that consists of cionally de- 
rived heterodimeric antigen recognition el- 
ements and a set of invariant subunits. 
These invariant subunits include the mem- 
bers of the CD3 complex (6, e, and 7) and 
the £ subunit (I). The £ subunit exists 
primarily as a disulfide-tinked homodimer 
consisting of two 16-kD monomers (2, 3). 
A subset of 5 chains undergoes multiple 
tyrosine phosphorylations upon receptor 
stimulation such that the predominant form 
migrates with an apparent molecular size of 
21 kD in SDS-polyacrylamide gel electro- 
phoresis (SDS-PAGE) (4-7). 

To evaluate activation-dependent changes 
in the migration of we incubated the T cell 
hybridoma 2B4 (8) in the presence or absence 
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of an activating monoclonal antibody to the 
CD3 e subunit of the TCR, 2C1 1 (9). TCRs 
were immunoprecipitated, resolved on two- 



dimensional nomeducing-feducing ' v SDS- 
PAGE (diagonal gels), and' inimunpbiottad;, 
with antibodies directed to £. In unactivated' 
cells (Fig. I A), the £ homodimer appeared as 
a prominent 16-kD species that migrated at 32 
kD before reduction. After activation (Fig. 
IB), the 21-kD form of phosphorylated £*was 
seen directly above £ as described (4, 5). 
Unexpectedly, a number of additional immu- 
noreactive species of 24, 32, and 40 kD were 
also observed in a variety of disulfide-linked 
combinations. Less prominent forms with ap- 
parent molecular sizes of approximately 27 kD 
under reducing conditions were also observed. 

These larger immunoreacrive species were 
further characterized on two-dimensional gels 
in which nonequilibrium pH gradient electro- 
phoresis (NEPHGE) under reducing condi- 
tions was followed by SDS-PAGE, in the 
second dimension (NEPHGE-PAGE) (Fig. \\ 
C and D) . This demonstrated the activation- 
specific appearance of a ladder-like group of 
species above £, which corresponded to the 
24-, 32-, and 40-kD forms seen on the diag- 
onal gels. At each of these molecular sizes, the 
proteins were homogeneous with regard to 
isoelectric point (pi). The 21-kD phosphoryl- 
ated form of I migrated with a more acidic pL 
A 27-kQ activation-specific acidic form was 
also seen migrating above the 21-kD form, of 
phosphorylated £. On longer exposures of the 
autoradiograms (10), other spots were seen 
above the 27-kD species, which gave the 
appearance of a second, less intense ladder- 
like set of species that converged with the 
more prominent forms toward a neutral pH. 
This suggested the modification of £ and, to a 
lesser extent, phosphorylated £ with multi- 
mers of a neutral 8-kD protein. 

Normal murine splenocytes were next an- 
alyzed. Freshly isolated splenocytes (Fig. 2 A) 
and cells that had been incubated at 37°C for 



Fig. 1. Activation- induced modifications of t, in 
2B4 hybridoma cells. The 2B4 ceils (10 8 cells 
per condition) and LK cells (an Fc receptor- 
bearing B cell hybridoma) (20) were incubated 
at 37°C for 45 min in the absence (A and C) or 
presence (B and D) of 2C11 as described (7). 
Ceils were chilled to 4°C with phosphate-buff- 
ered saline and phosphatase inhibitors {21). 
Ceil pellets were lysed in lysis buffer that con- 
tained Triton X-100, protease and phosphatase 
inhibitors {21), and poslnuclear supernatants 
immunoprecipitated with a monoclonal anti- 
body directed against the a subunit on 2B4 
cells, A2B4-2 (2, 22). immunoprecipitates were 
separated under nonreducing conditions in 
SDS-PAGE tube gels (10.5%) (A and B) or run 
in NEPHGE tubes (2) with a pH range from 3 to 
10 (C and D). After equilibration, all tubes were run on SDS-PAGE 12.5% gels. After -transfer to 
nitrocellulose membranes, proteins were immunoblotted with affinity-purified anti-r, antibodies (551) 
and detected by 125 Mabeled protein A (ICN) (23). The 21-kD form of phosphorylated i is indicated 
by arrows (B and D). The spot directly above the arrow in (D) is a hyperphosphorylated form of {. 
Antiserum 551 was raised to a peptide that corresponded to amino acids 1 51 to 1 64 of murine £ (23) 
and does not recognize the -n alternative splice of £. The diagonal gels (A and B) and the NEPHGE 
gels (C and D) are from separate experiments. NR, nonreducing; R, reducing." Molecular size 
markers are indicated to the right in kilodaltons. 
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INHIBITION OF TRANSPLANT REJECTION FOLLOWING 
TREATMENT WITH ANTI-B7-2 AND ANTI-B7 1 ANTIBODIES 
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Antigen-specific T cell activation depends initially 
on the interaction of the T cell receptor (TCR) with 
peptide/MHC. In addition, a costimulatory signal, me- 
diated by distinct cell surface accessory molecules, is 
required for complete T cell activation leading to lym- 
phokine production and proliferation. CD28 has been 
implicated as the major receptor on T cells responsible 
for delivering the costimulatory signal. Although two 
distinct ligands for CD28, B7-1 and B7-2, have been 
identified on antigen-presenting cells (APC), the co- 
stimulatory role of each molecule during a physiolog- 
ical immune response remains unresolved. In the 
present study, the relative roles of B7-1 and B7-2 in- 
teractions were evaluated in an allogeneic pancreatic 
islet transplant setting. In isolation, anti-B7-2 mAbs 
and, to a much lesser degree, anti-B7-l mAbs sup- 
pressed T cell proliferative responses to allogeneic 
islets or splenic APC in vitro. Maximal inhibition of 
the allogeneic response was observed using a combi- 
nation of the anti-B7-l and anti-B7-2 mAbs. Adminis- 
tration of anti-B7-2 but not anti-B7-l mAbs prolonged 
C3H allograft survival in B6 recipients, with a combi- 
nation of both mAbs significantly prolonging rejection 
beyond either mAb alone. The immunosuppressive ef- 
fects of the in vivo mAb treatment were not manifested 
in in vitro analyses as T cells isolated from suppressed 
mice responded normally to allogeneic stimuli in 
terms of both proliferation and lymphokine produc- 
tion. However, combined mAb therapy in vivo selec- 
tively delayed CD4 + T lymphocyte infiltration into the 
graft. These data suggest that both B7-1 and B7-2 co- 
stimulatory molecules are active in vivo, although 
B7-2 plays a clearly dominant role in this allograft 
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model. The mechanism of immune suppression in vivo 
remains unresolved but may occur at sites distinct 
from the allograft. 

Effective T cell activation requires two independent sig- 
nals. One signal is mediated by engagement of the T cell 
receptor complex (TCR)* with antigenic peptide bound to 
major histocompatibility complex class I or class II glycopro- 
teins (Ag/MHC) (1). The second signal is mediated by one or 
more "costimulatory" interactions between activated T cells 
and antigen-presenting cells (APC) (2). TCR signaling in the 
presence of costimulation results in clonal expansion, produc- 
tion of lymphokines and differentiation of T cells to effector 
populations. In contrast, TCR signaling in the absence of 
costimulation leads to a state of induced unresponsiveness 
(termed anergy) or, in some instances, cell death (5-7). Re- 
cent studies have suggested that engagement of the CD28 
molecule on T cells with ligand on APCs can furnish the 
costimulatory signal by inducing and maximizing the T cells' 
ability to produce IL-2, a critical autocrine growth factor 
(8-11). Blocking the engagement of CD28 on T helper cell 
clones with its ligand on the APCs results in T cell anergy. 
Furthermore, anti-CD28 mAbs can prevent this anergy in- 
duction (11). 

Previous studies suggested that the relevant costimulatory 
ligand on activated B cells and dendritic cells was a cell 
surface glycoprotein, termed B7-1 (B7) (12-14). Linsley and 
coworkers showed that antibodies to B7-1 blocked adhesion 
of B cells to CD28-transfected CHO cells and that B7-1- 
transfectants could provide costimulatory signals to the an- 
tigen or mitogen-activated T cells (15). Furthermore, antihu- 
man B7-1 mAbs were shown to block an allogeneic T cell 
proliferative response to EBV-transformed B cells (16). Fi- 
nally, CTLA4lg, a soluble form of the CD28 homolog (CTLA- 
4), inhibited a variety of immunological responses (17-22). 
CTLA4Ig blocked alio- and xenoantigen responses in vitro in 
a CD28-dependent manner {19, 21), delayed allogeneic trans- 
plant rejection in rats (18-22), and induced long-term, anti- 
gen-specific unresponsiveness in vivo in a xenogeneic human 
islet transplant model in mice (19) and a rat allogeneic heart 
transplant model when combined with a donor-specific trans- 
fusion (20). 

+ Abbreviations: APC, antigen-presenting cell; MHC, major histo- 
compatibility complex; MLR, mixed lymphocyte reaction; MST, mean 
survival time; TCR, T cell receptor. 
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Despite the importance of B7-1 as a CD28 ligand, we and 
others have recently identified an additional member of the 
B7 family of molecules, B7-2 (23-25). The B7-2 molecule was 
first uncovered based on the inability of anti-B7-l mAbs to 
significantly block allogeneic mixed lymphocyte reactions 
(MLR) in vitro {23). Moreover, the anti-B7-l mAbs were 
unable to block CTLA4lg binding to activated B cells and 
dendritic cells, consistent with the observation that activated 
B cells isolated from a B7-l-deficient "knock-out" mouse 
bound CTLA4lg and provided T cell costimulatory activity in 
vitro (24). The cloning of the human and mouse B7-2 genes by 
Freeman et. a!. (26, 27) and Azuma et al. (28) (also termed 
B70 or CD86) provided direct evidence for the existence of a 
novel CD28 ligand. B7-2 is a highly glycosylated protein 
approximately 60-90,000 kDa with stretches of high homol- 
ogy to B7-1 (25). The B7-2 molecule binds both CD28 and 
CTLA-4 and, like B7-1, is expressed constitutively on den- 
dritic cells (23). However, unlike B7-1, B7-2 is rapidly (within 
6 hr) upregulated following B cell activation through the 
immunoglobulin receptor (29). Together, anti-B7-l and anti- 
B7-2 mAbs block the binding of CTLA4lg to activated B cells 
and dendritic cells (29). Most important, B7-2 appears to play 
a critical functional role in T cell activation, in vitro. B7-2 
transfectants costimulate antigen-specific T cell responses 
(26) and anti-B7-2 mAb, GL-1, inhibits antigen-specific T cell 
responses (25). While in vitro studies indicate that B7-2 
dominates the immune response, recent in vivo studies in 
two autoimmune models suggest that B7-1 and B7-2 play 
distinct roles, and these roles may be altered by the status of 
the immune response (30, 31). Thus, both B7-2 and B7-1 are 
potentially important costimulatory molecules capable of ini- 
tiating T cell responses. 

The present study was designed to examine the role of B7-1 
and B7-2 during an allogeneic transplant rejection response 
in vivo. The results demonstrate that anti-B7-2 mAb, either 
alone or in association with anti-B7-l mAb, suppresses allo- 
reactivity in vitro and in vivo. Thus, B7-2 provides a domi- 
nant costimulatory activity when alloantigen is presented in 
the context of natural APCs present in splenic cell or islet cell 
preparations. 

MATERIALS AND METHODS 

Mice. C57BL/6 (B6) mice were purchased from The Jackson Lab- 
oratories (Bar Harbor, ME). C3H/HeN and BALB/c mice were ob- 
tained from the Frederick Cancer Research Facility. All mice were 
housed in a specific pathogen-free animal barrier facility at the 
University of Chicago. 

Antibodies and recombinant proteins. The hCTLA4lg, control hu- 
man Ig, Fab fragments of anti-CD28 (37.51) (32), and 16-10A1 (a 
hamster anti-B7-i mAb) (12) were provided by the Repligen Corpo- 
ration (Cambridge, MA). The coding sequence for the extracellular 
portion of human CTLA-4 was joined to the hinge-CH2-CH3 domains 
derived from a human genomic IgGl gene by PCR as previously 
described (30). Antibodies and recombinant proteins were purified by 
binding to immobilized protein A (IPA-300, Repligen), followed by 
elution with 0.1 M sodium citrate, pH 3.0, and neutralized immedi- 
ately with 0.1 M Tris base. Antimurine B7-2 mAb, GL-1, and an 
isotype-matched control rat Ig were prepared as previously described 
(25). All mAbs and soluble receptors were analyzed for binding 
specificity based on staining of B7-1 and B7-2 transfectants. 

Transfectants. Chinese hamster ovary (CHO) cells expressing the 
murine MHC class II (I-A d ) cDNA were transfected with either 
murine B7-l/Neo <CHO-Ad/B7- 1 ) or murine B7-2/hygromycin (CHO- 
Ad/B7-2) and maintained in DM KM supplemented with fetal calf 



serum and appropriate selection media (23). The parent CHO/I-A d 
cell line was a gift of Dr. Andrea Sant (University of Chicago) and the 
murine B7-2/hygromycin construct was provided by Dr. Gordon 
Freeman (26). 

Diabetes. Diabetes was induced in 7-10-week-old B6 mice by 
streptozotocin injection (175 mg/kg body weight). Nonfasting blood 
glucose levels were determined on blood obtained from the tail vein. 
Only mice with nonfasting blood glucose levels of over 300 mg/dl 
were used as islet transplant recipients. 

Mouse islet isolation and transplantation. C3H/HeN mouse islets 
of Langerhans were separated by collagenase digestion using a mod- 
ified automated method for human islet isolation (.33, 34). Briefly, 
the pancreatic duct of the mouse was cannulated, and 2 ml of Hanks' 
solution containing 1 mg/ml collagenase (type P, lot 32, Boehringer- 
Mannheim, Indianapolis, IN) was injected. Thirty-five distended 
pancreases were then placed in a digestion chamber and subjected to 
12 min of enzymatic digestion. The separated islets were purified on 
a discontinuous Euro-Collins-Ficoll gradient (Sigma, St. Louis, MO). 
(Densities were 1.108, 1.096, 1.069, and 1.037.) The purified' islets 
were cultured overnight in medium (RPMI 1640 [GIBCO, Grand 
Island, NY] plus 10% FCS IHycIone, Logan, UT], 1% penicillin, and 
streptomycin [Sigma]) at 37°C in 5% C0 2 . The following morning, 
500 C3H islets were transplanted beneath the left renal capsule of 
diabetic B6 mice in the absence or presence of the immunosuppres- 
sive agent (50 /xg of each antibody every other day for 14 days 
beginning on the day of transplantation). Animals receiving a com- 
bination of anti-B7-l/anti-B7-2 mAbs received 50 /xg of each mAb. 
The nonfasting blood glucose levels were determined in all animals 
prior to and daily after transplantation. Rejection of the islet al- 
lografts was considered to have occurred when nonfasting blood 
glucose concentrations exceeded 350 mg/dl for 3 consecutive days. 
Histological examination of the islel grafts was performed on se- 
lected animals to confirm graft rejection. 

Histological studies. Renal/transplant histology was performed on 
tissue sections stained with hematoxylin-eosin after paraffin embed- 
ding to identify the inoculated islets and assess the extent of rejec- 
tion. Nephrectomy specimens were fixed in formalin, paraffin em- 
bedded, and sectioned at 5 microns for routine histology and 
immunohistochemical analysis. Staining for insulin utilized a pri- 
mary goat antiserum to insulin (DAKO, Carpenteria, CA) followed 
by the avidin-biotin peroxidase method, and diaminobenzidine as 
substrate. Nonimmune guinea pig serum and a normal human pan- 
creas served as negative and positive controls, respectively. Immu- 
nohistochemical staining for CD4 and CD8 cell surface expression 
was performed as described previously (35). Briefly, nephrectomies 
were performed on kidneys containing the islet graft at 10 days 
posttransplant. The fresh tissues were snap-frozen, and 6-/xm sec- 
tions were fixed in Zamboni's fixative for 1 hr, then stained with the 
individual mAbs: anti-CD4 (GK1.5) and anti-CD8 (3.168) (gifts from 
Dr. Frank Fitch, University of Chicago) or an irrelevant rat control 
mAb (PharMingen, San Diego, CA): affinity -purified, mouse ab- 
sorbed rabbit antirat Ig-biotin and avidin-horseradish peroxidase 
conjugates (Vector, Burlingame, CA). Background peroxidase activ- 
ity was reduced by incubating sections in 0.1% azide after staining 
with rabbit antirat Ig biotin secondary antibodies. Immunohisto- 
chemical slides were scored blindly for the number of CD4 + and 
CD8 *■ T cells infiltrating the islet grafts. An arbitrary unit (AU) was 
defined as the number of positive cells/field. At least two areas of 
each transplant were scored and then averaged. The scores are 
representative of the mean of three mice per treatment group. 

T cell proliferation assays. Transfectant assay: CHO cell transfec- 
tants were mitomycin-C ( Sigma )-treated for 90 min, washed exten- 
sively, and then pulsed with 25 /xg/ml of tryptic digest of OVA (DOT). 
PGL10 (Thl clone) at 5xi0 4 cell/well was incubated with 5x10'' 
antigen-pulsed CHO transfectants/well in the presence of 10 ^g/m\ of 
the indicated blocking antibodies. The assays were pulsed with :, H- 
thymidine at 48 hr and harvested 16 hr later. Percent inhibition is in 
reference to cultures without blocking antibodies. 
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Allogeneic MLR/MLIC: spleen cells were plated at 5x 10 6 cells per 
well (24-well plate) in 1 ml of complete medium containing either 
lipopolysaccharide (LPS) (10 pg/m}) or anti-Ig (10 iiglm\) for 48-72 
hr. Then 2.5 x10 s irradiated splenocytes (2000 rads), or activated B 
cells (1200 rads), or 50 irradiated islet cells (2000 rads) used as 
stimulators were treated with blocking or control antibodies for 15 
min. Purified B6 T cells, prepared by pretreatment of isolated lymph 
node cells with a cocktail of anti-HSA (J11D) (36) and anti-I-A b 
(25-9-3, ATCC) mAbs and complement (Pelfreez), were added at a 
density of 1-5X10 5 cells/well as stated. The 96-well plates were 
incubated at 37°C for 72-96 hr, pulsed with 1 ^Ci [ 3 H]-thymidine/ 
well, and harvested 12 to 16 hr later. T cell purity was confirmed by 
flow cytometric analyses and was greater than 98% pure (data not 
shown). Counts are represented as mean CPM of triplicate wells. 
SEM were < 20%. 

Cytokine assays. Cytokines were detected in culture supernatents 
by ELISA using commercially available kits for IL-2 and IL-4 (En- 
dogen, Cambridge, MA), and reagents for IFN-gamma were kindly 
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Figure 1. Inhibition of a primary allogeneic MLR by CD28 antago- 
nists. (Panel A) A Th 1 clone (PGL10) was incubated with mitomycin- 
treated CHO cells transfected with I-A d and either murine B7-1 or 
B7-2 that had been pulsed with tryptic digest of OVA (DOT). CHO 
cells expressing only I-A d , B7-1, or B7-2 induced no proliferation. The 
assay was carried out in the presence of 10 /xg/ml of the indicated 
antibodies. These data demonstrate that the anti-B7-l and anti-B7-2 
rnAbs do not crossreact on each other and that they are capable of 
inhibiting a B7-1- and B7-2-induced response, respectively. (Panel B) 
C57BL/6 lymph node ceiis^were stimulated with C3H/HeN spleno- 
cytes in the presence or absence of the CD28 antagonists. Although 
the inhibitory effects of the CTLA4Ig and anti-CD2fi Fab fragments 
decreased following titration of the reagents, the anti-B7-l and anti- 
B7-2 mAbs inhibited maximally, even at the lowest concentrations. 
Data in both panels are represented as percent inhibition of the 
response in the absence of any antibodies and are representative of 
two experiments. 
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Figure 2. Anti-B7 antibodies differentially inhibit T cell prolifera- 
tive responses using different APCs. Purified B6 T cells were incu- 
bated with either irradiated C3H/HeN B cell blasts that had been 
activated by LPS or anti-Ig (panel A) or with 50-100 C3 H/HeN islets 
(panel B). No proliferation was observed using syngeneic B cells, and 
an antihamster control antibody did not inhibit proliferation (data 
not shown). Results are representative of three experiments. 



provided by Dr. Bob Schrieber (Washington University St. Louis, 
MO). 

RESULTS 

The role of B7-1 and B7-2 cell surface molecules in in vitro 
costimulation of T cell proliferation. Initial studies were per- 
formed to determine the costimulatory activity of B7-1 and 
B7-2 in vitro during an allogeneic MLR and MILR. First, we 
compared the ability of CTLA4lg (a CD28 antagonist, that 
binds both B7-1 and B7-2), anti-B7-l, and anti-B7-2 mAbs to 
inhibit T cell proliferation to B7-1 or B7-2 transfectants with 
allogeneic splenic APCs. As seen in Figure 1A, both the 
anti-B7-l and anti-B7-2 mAbs had equivalent functional ac- 
tivity when used to block the antigen-specific proliferation of 
a Thl clone (PGL10) to the appropriate transfectants. For 
instance, anti-B7-l mAb (16-10A1) effectively blocked the 
proliferative response of PGL10 to CHO cell transfectants 
expressing I-A d and B7-1 but not B7-2. By comparison, anti- 
B7-2 mAb (GL-1) inhibited the proliferative response of 
PGL10 to CH04-A d cells cotransfected with B7-2 but not 
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Figure 3. Survival of murine pancreatic islet allografts. Purified 
C3H/HeN pancreatic islet cells were transplanted into diabetic 
C57BL/6 mice (nonfasting glucose levels >300 mg/dl). Mice were 
injected, i.p., every other day (50 jig/mouse) for 14 days with the 
various blocking antibodies, and graft survival was monitored by 
following daily blood glucose levels. Graft survival time of animals 
treated with control Ig (open circles, 13.5 days, n=S), CTLA4Ig 
(closed circles, 28.6 days, n = 7), anti-B7-l (open squares, 12.3 days, 
n = 11), anti-B7-2 (closed squares, 29.5 days, n = 10), as well as com- 
bined anti-B7-l/anti-B7-2-treated islet grafts (closed triangles, 43.4 
days, n = 8) were compared. There was no statistically significant 
difference between the survival time of the anti-B7-l- and the control 
Ig-treated groups or between the CTLA4Ig and anti-B7-2-treated 
groups. However, CTLA4Ig, anti-B7-2, and combined antibody treat- 
ment demonstrated statistically prolonged allograft survival as com- 
pared with the control Ig- and anti-B7-l-trcated groups (P~< 
0.001). 



B7-1. Human CTLA4Ig and anti-CD28 Fab fragments (data 
not shown) blocked the proliferative responses to both trans- 
fectants. Similar findings were observed when the CHO cell 
transfectants were used to stimulate an allogeneic response 
with purified T cells (data not shown). In contrast, T cell 
proliferation to allogeneic splenic APCs was only inhibited by 
anti-B7-2, but not anti-B7-l mAbs (Fig. IB). In repeated 
experiments, the anti-B7-2 mAb inhibited proliferative re- 
sponses between 50 and 75% while the anti-B7-l mAbs only 
marginally inhibited (<15% in most experiments). Moreover, 
hCTLA4lg inhibited the proliferative response of purified T 
cells to allogeneic spleen to a greater extent than either 
antibody alone. Inasmuch as CTLA4Ig appears to react ex- 
clusively with B7-1 and B7-2 on these APCs — as a combina- 
tion of the two antibodies block CTLA4lg binding to these 
stimulator cells, (29 i— the anti-B7-l and anti-B7-2 mAbs 
were added simultaneously to the cultures. In repeated ex- 
periments, the combination of the anti-B7-l and anti-B7-2 
mAbs inhibited the T cell proliferative response to a greater 
degree than the anti-B7-2 alone (Fig. IB). In fact, the com- 
bined anti-B7-l and anti-B7-2 mAbs inhibited the MLR bet- 
ter than CTLA4lg, reflecting the increased affinity of these 
mAb reagents for their respective ligands. Interestingly, the 
combined antibodies inhibited the MLR at doses as low as 1 
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FIGURE 4. In vitro function of T cells isolated from anti-B7-l/anti- 
B7-2-treated mice. (Panel A) Splenic T cells were isolated from 
treated mice at either 10 (data not shown) or 20 days posttransplant 
and stimulated with donor (C3H/HeN, shaded bar) or third-party 
(BALB/c, crosshatched bar) spleen cells as described in Materials 
and Methods. At both time points there was no difference between 
the PBS-treated and anti-B7-l-/B7-2-treated mice in response to 
either donor or 3rd-party stimulators. (Panel B) The same cultures 
were set up in the presence of a combination of anti-B7-l and anti- 
B7-2 mAbs (10 /xg/ml of each mAb). Proliferation in these cultures 
was inhibited, while control antibodies had no effect. The data rep- 
resent the mean of triplicate cultures and are representative of two 
experiments. 



/xg/ml. These doses are far less than routinely observed for 
blocking mAbs such as anti-CD28 Fabs, CTLA41g or anti- 
CD4 and anti-CD8 mAbs. 

Previous studies have shown that B7-1 and B7-2 are dif- 
ferentially expressed on distinct APC populations {29, 23). 
For instance, dendritic cells, which are the primary splenic 
stimulator cells of an allogeneic MLR (37) express both B7-1 
and B7-2, while anti-Ig-stimulated B cell blasts preferen- 
tially express B7-2. Therefore, we compared the contribution 
of B7-1 vs B7-2 on distinct APCs, including LPS or anti-Ig- 
stimulated B cell blasts and purified islet cells (Fig. 2). While 
ail of the responses were significantly inhibited by anti-B7-2 
mAbs, there were differences in the role played by B7-1. The 
T cell proliferative response to splenic LPS blast cells was 
dependent on both B7-1 and B7-2 since the combination of 
the two mAbs inhibited the response more than either alone. 
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Figure 5. IL-2 production by T cells from transplanted mice in 
response to donor vs. 3rd-parly stimulators. T cells from untreated 
B6 mice or from islet grafted mice were isolated 10 days posttrans- 
plant and cultured with either donor (C3H) or 3rd-party (BALB/c) 
stimulators as described in Materials and Methods. Supernatants 
were collected at 48 hr and assayed for IL-2, 1L-4, and gamma 
interferon by ELISA. No detectable levels of 1L-4 were observed in 
these cultures. Low levels of gamma interferon were observed, but 
there were no differences in the anti-B7-l/B7-2-treated mice in re- 
sponse to donor versus 3rd-party APCs (data not shown). 

In contrast, only anti-B7-2 mAb inhibited the T cell prolifer- 
ative response to alloantigen expressed on anti-Ig B blasts 
(panel A). These findings are consistent with previous stud- 
ies demonstrating that B cells stimulated by anti-Ig ex- 
pressed B7-2 but not B7-1, while LPS-stimulated B cells 
expressed both (29). Like the allogeneic spleen cells, the 
proliferative response of T cells stimulated by the allogeneic 
islet cells was significantly blocked by the B7-2-specific mAb 
and, to some degree, by the B7-l-specific mAbs (panel B). In 
all instances, CTLA4lg blocked the allorecognition. Together, 
these results suggest that B7-2 is a major costimulatory 
molecule of an allogeneic MLR and MILR in vitro, but that 



B7-1 may also play an important costimulatory role depend- 
ing on the source of the antigen-presenting cells. Finally, 
even under optimal conditions, the combined antibody treat- 
ment did not fully inhibit the allogeneic MLR. Thus, there 
are likely to be additional molecules, either soluble or cell 
surface- bound, that can costimulate an allogeneic response. 
These additional costimulator pathways may involve cyto- 
kines such as IL-1 or contact-mediated costimulatory mole- 
cules such as CD43 or ligands present on monocytes (38, 39). 

CTLA41g and anti-B7-2 mAb, but not anti-B7-l mAb, block 
allogeneic pancreatic islet graft rejection. The in vitro analy- 
ses of the mAbs suggested that B7-2 is a primary costimula- 
tor of responses to allogeneic islet cells. In order to determine 
the relative role of B7-1 and B7-2 in vivo, B6 mice were 
transplanted with 500 purified allogeneic (C3H/HeN) islets 
under the left kidney capsule in the presence or absence of 
B7-1 and B7-2 antagonists. Mice were treated with 50 jig of 
hCTLA4lg, anti-B7-l mAb, anti-B7-2 mAb, or 50 /xg of both 
anti-B7-l and anti-B7-2 mAbs every other day for 14 days. 
Therapy with hCTLA4lg, which blocks both B7-1 and B7-2 
costimulation, inhibited allograft rejection in this model (Fig. 
3), consistent with previous studies by our laboratory and 
others demonstrating that CTLA4lg treatment suppressed 
xenograft and allograft rejection. Next, the ability of anti- 
B7-1 or anti-B7-2 mAbs to block the allogeneic graft rejection 
was examined. Anti-B7-1 mAbs had no significant effect on 
graft survival — however, anti-B7-2 mAb therapy was as ef- 
ficacious as hCTLA4Ig in blocking graft rejection (Fig. 3). 
These results, combined with the in vitro studies, suggest 
that B7-2 plays a principal role in primary allogeneic re- 
sponses to islet cells in vivo and suggest that the initial 
antagonistic activity of CTLA4Ig is the blockade of B7-2 
ligation. Interestingly, in vivo therapy using a combination of 
anti-B7-l plus anti-B7-2 mAbs (Fig. 3) significantly pro- 
longed the mean survival time of the grafts beyond either the 
CTLA4lg or anti-B7-2 alone. Although the present studies 
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Figure 6. Histological examination of 
islet tissue grafted under the renal cap- 
sule of B6 mice. (Panels A and B) A 
representative section of an islet trans- 
plant from a B6 mouse recipient 10 
days after allotransplant and treat- 
ment with either anti-B7-l (panel A) or 
anti-B7-l/anti-B7-2 (panel B). A mas- 
sive lymphocytic infiltrate (thin white 
and black arrows) was observed. How- 
ever, intact islets (thick white and 
black arrows) were also noted. (H & E, 
original magnification, x20). (Panels C 
and D) Insulin-specific staining of 
transplanted islets from the same re- 
cipients as in (A and B) shows insulin 
granules present in both sections 
l .<]20). 
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Figure 7. Immunohistochemical stain- 
ing of islet tissue from PBS and anti-B7- 
1/anti-B 7-2 -treated mice. Frozen sec- 
tions of islet transplant specimens from 
B6 recipient mice 10 days after allo- 
transplantation were stained with con- 
trol Ig, anti-CD4, or anti-CD8 mAbs 
(original magnification, X120). Both 
CD4 + and CD8 + T cells (black arrows) 
were observed in both the PBS and anti- 
B7-l/anti-B7-2-treated islet grafts. 
However the number of CD8 + T cells 
(PBS-840 AU; anti-B7-l/anti-B7-2=902 
AU) was significantly greater than the 
number of CD4 + T (PBS=250 AU; anti- 
B7-l/anti-B7-2=113 AU) cells infiltrat- 
ing into the grafts. Furthermore in the 
anti-B7-l/anti-B7-2-treated mice there 
was a decreased number of CD4 + T cells 
(113 AU) as compared with PBS-treated 
mice (250 AU). An arbitrary unit (AU) 
was defined as the relative number of 
positive cells/field, with at least two ar- 
eas of each transplant being scored and 
then averaged. 



cannot distinguish between selective effects of the two co- 
stimulatory molecules on the same APCs or selective expres- 
sion of B7-1 and B7-2 on different APCs, it is clear that B7-1 
plays a secondary but substantive role in allogeneic re- 
sponses to islet cells in vivo. 

Functional and histological analyses of CD28 antagonist- 
treated mice. Next, we examined the mechanism by which the 
CD28 antagonists prolonged graft survival. T cell responses 
from treated animals were examined at various time points 
posttransplantation. At either 10 days (data not shown) or 20 
days posttransplant (Fig. 4A) both PBS- and anti-B7-l/anti- 
B7-2-treated mice responded to donor or 3rd-party stimula- 
tors. The anti-B7-l/anti-B7-2-treated mice, which were still 
maintaining their allogeneic islet grafts, proliferated equiv- 
alency to C3H (donor) and BALB/c (3rd-party) splenic APCs 
(Fig. 4A). Even at 10 days posttransplant, while the animals 
were stilt being treated, the responses were equivalent (data 
not shown). Furthermore, the anti-B7-l/anti-B7-2-treated 
mice made equivalent amounts of IL-2 (Fig. 5) and gamma 
interferon (data not shown) in response to either stimulator. 
However, no IL-4 could be detected at any time in these 
treatment groups. Finally, this proliferative response was 
still dependent upon the CD28/B7 costimulation pathway, 
since a combination of anti-B7-l and anti-B7~2 mAbs inhib- 
ited this response in both the PBS and anti-B7-l/anti-B7-2- 
treated mice (Fig. 4B). Therefore, T cells isolated from im- 
munosuppressed mice respond normally to in vitro challenge 



with allogeneic antigen by utilizing a B7-l/B7-2-dependent 
signaling pathway. 

Next, we examined the different treatment groups for any 
differences in the makeup of the infiltrate into the trans- 
plant site. At 10 days posttransplant a severe lymphocytic 
infiltrate was observed in all treatment groups, and only 
marginal differences in insulin secretion were observed 
(Fig. 6). Because there were no systemic differences in T 
cell function in the immunosuppressed mice, we performed 
immunohistochemical staining to examine lymphocyte 
subsets entering the allografts. As seen in Figure 7, in both 
treatment groups the majority of T cells infiltrating the 
islet graft were CD8 + T cells (PBS relative number=840 
AU; anti-B7-l/anti-B7-2 relative number=902 AU). CD4 + 
T cells were also present in both groups. However, the 
relative number of CD4 + T cells was significantly de- 
creased in the anti-B7-l/anti-B7-2-treated animals as 
compared with the PBS treated animals (PBS = 250 AU; 
anti-B7-l/anti-B7-2=113 AU), suggesting that while this 
therapy did not prevent lymphocytic infiltrate, it did alter 
the infiltration of CD4 + T cells into the grafts. Interest- 
ingly, other mAb therapies, such as anti-ICAM-1, com- 
pletely block all leukocytic infiltration that follows graft 
transplantation by blocking the leukocyte interaction with 
the endothelium and preventing the development of the 
initial inflammatory response and cytokine release (40). In 
contrast, the anti-B7 mAbs appear to block a later stage in 
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the immune reaction — namely, the sensitization of the an- 
tigen-specific T cells following APC presentation either in 
the graft or draining lymph node cells. 

DISCUSSION 

The present study illustrates the importance of the CD28 
costimulation pathways, especially CD28/B7-2 interactions, in 
allogeneic transplant responses. While anti-B7-l mAb therapy 
had little effect on islet graft prolongation, human CTLA4lg, 
anti-B7-2 mAbs, and a combination of anti-B7-l7anti-B7-2 mAb 
therapy significantly prolonged islet graft survival. These re- 
sults differ from recent findings in which anti-B7-l mAb altered 
the immune response. In one case, the treatment of mice during 
the initiation of EAE with anti-B7-l mAb protected mice from 
disease onset while anti-B7-2 mAbs exacerbated disease (31), In 
another study, anti-B7-l mAb treatment of NOD mice prior to 
insulitis resulted in an accelerated disease onset, while anti- 
B7-2 treatment prevented diabetes (301 Together, these results 
suggest that depending upon the status of the immune response 
and the APCs being utilized in the response, the roles of B7-1 
and B7-2 may vary. We also examined the mechanism of graft 
prolongation induced by anti-B7-17anti-B7-2 treatment. We 
were unable to identify significant alterations in T cell function 
in immunosuppressed transplanted mice, although CD4 + T cell 
infiltration was significantly decreased in the anti-B7-l/anti- 
B7-2-treated mice. These observations mimic results previ- 
ously observed in the xenogeneic human islet transplant model. 
Despite evidence of donor-specific graft tolerance in vivo in the 
xenogeneic model, no immune dysfunction has been observed in 
vitro (19, and Lenschow DJ, et al. unpublished results). Current 
studies are underway to determine if regulatory cells have been 
induced or if the relevant antigen-specific T cells have been 
diverted from the lymphoid tissues, resulting in a diminished 
alloreactive response in vitro. 

Finally, the CTLA4lg or combined anti-B7-l/anti-B7-2 
therapies did not result in permanent donor-specific allograft 
tolerance. These results are distinct from those previously 
observed using a xenogeneic human islet transplant model. 
The dissimilarity between the two systems may be a result of 
several, not mutually exclusive, differences between alloge- 
neic and xenogeneic reactions, including a distinct role of 
host vs. donor APCs (direct presentation of antigen from 
donor APCs or an indirect presentation pathway wherein 
foreign antigens are shed and represented on host APCs) in 
the two transplant systems; the presence of redundant co- 
stimulatory pathways operating in the allogeneic reaction; or 
a distinct difference in the strength of the response. Inter- 
estingly, it has been recently reported that either a combina- 
tion of hCTLA4lg plus a donor-specific transfusion or delay- 
ing treatment with CTLA4Ig until two days posttransplant 
led to permanent tolerance in two different rat allograft 
models (20, 22). Thus, it is possible that a strong TCR signal 
(signal one; provided by the donor cells or the xenogeneic 
islets) is necessary to maximize anergy induction following 
B7-2 blockade. Further studies will be needed to clarify the 
differences in the distinct systems before these therapies can 
be exploited optimally in the clinical setting. 
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Summary 

Insulin -dependent diabetes mellitus (IDDM) is thought to be an immunologically mediated dis- 
ease resulting in the complete destruction of the insulin-producing islets of Langerhans. It has 
become increasingly clear that autoreactive T cells play a major role in the development and 
progression of this disease. In this study, we examined the role of the CD28/B7 costimulation 
pathway in the development and progression of autoimmune diabetes in the nonobese diabetic 
(NOD) mouse model Female NOD mice treated at the onset of insulitis (2-4 wk of age) with 
CTLA4Ig immunoglobulin (Ig) (a soluble CD28 antagonist) or a monoclonal antibody (mAb) 
specific for B7-2 (a CD28 ligand) did not develop diabetes. However, neither of these treatments 
altered the disease process when administered late, at >10 wk of age. Histological examination 
of islets from the various treatment groups showed that while CTLA4Ig and anti-B7-2 mAb 
treatment blocked the development of diabetes, these reagents had little effect on the develop- 
ment or severity of insulitis. Together these results suggest that blockade of costimulatory signals 
by CTLA4Ig or anti-B7-2 acts early in disease development, after insulitis but before the onset 
of frank diabetes. NOD mice were also treated with mAbs to another CD28 ligand* B7-1. In 
contrast to the previous results, the anti-B7-l treatment significantly accelerated the development 
of disease in female mice and, most interestingly, induced diabetes in normally resistant male 
mice. A combination of anti-B7-l and anti-B7-2 mAbs also resulted in an accelerated onset of 
diabetes, similar to that observed with anti-B7-l raAb treatment alone, suggesting that anti-B7-l 
mAb's effect was dominant. Furthermore, treatment with anti-B7-l mAbs resulted in a more 
rapid and severe infiltrate. Finally, T cells isolated from the pancreases of these anti-B74-treated 
animals exhibited a more activated phenotype than T cells isolated from any of the other treat- 
ment groups. These studies demonstrate that costimulatory signals play an important role in 
the autoimmune process, and that different members of the B7 family have distinct regulatory 
functions during the development of autoimmune t diabetes. 



Diabetes is an autoimmune disease that results in the 
destruction of the insulin-producing islet cells (1). De- 
spite the development of new tools for the identification of 
individuals who are at risk for developing insulin-dependent 
diabetes mellitus (IDDM), 1 there are limited therapeutic op- 
tions to offer these future patients. Thus, current attempts 



1 Abbreviations used in this paper: Ctlg« control Ig; GAD, glutamic acid 
decarboxylase; H&E, hematoxylin and eosin; IDDM, insulin-dependent 
diabetes mellitus; MFI, mem fluorescence intensity; NOD, nonobese di- 
abetic. 



to develop useful immunosuppressive therapies depends on 
a more complete understanding of the pathogenesis of disease. 

Illness in the nonobese diabetic (NOD) mice shares many 
common features with human IDDM, and this mouse strain 
has provided an important model for dissecting the patho- 
genesis of autoimmune diabetes (2, 3). NOD mice sponta- 
neously develop insulitis early in life (between 2 and 4 wk 
of age). However, it is not until 10-20 wk later that this 
insulitis progresses to diabetes in ^80% of the female mice 
and in only 20% of the male mice. As in human IDDM, 
there is extensive evidence supporting a role fo* T cells and 
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MHC-restricted self-antigen recognition in the development 
of disease. First. T cells are among the earliest infiltrating 
SllTm diseased islets (4, 5). Treatment of NOD ™ce wjj 
antibodies directed at T cell surface molecules such as CLW. 
CD8. and the TCR/CD3 complex prevent the <^ elo Pj» en < 
of disease and. in the case of anti-CD3 mAb*. block^h 
progression of diabetes in a diabetic anuria^ (6-8). Further 
Li diabetes can be precipitated by adoptively 
an islet-specific clone into young NOD mice (9. 1U). 

One hypothesis for the development of autoimmune dis- 
ease is that the disruption of the normal mechanisms ot pe- 
ripheral tolerance may occur. For instance, recent studies have 
shown that the development of insulins and diabetes in the 
NOD mouse correlates with the acquisition ot 1 ceil reac- 
tivity to glutamic acid decarboxylase (GAD) and a series ot 
othZ islet antigens (11, 12). Indeed. NOD mice rendered 
tolerant to GAD by intravenous or mtrathymic injection 
showed a lower incidence of IDDM compared with control 
animals. Unfortunately, the therapeutic potential for tolenzmg 
islet-specific T cells before their encounter with antigen is 
limited. Therefore, efforts have been devoted to altering the 
functional activity of autoreactive T cells after antigen rec- 
ognition in an attempt to promote a tolerant rather than an 
activated state. Recent work has demonstrated that m addi- 
tion to TCR engagement by antigen, a second signal, known 
as costimulation, is also required for T cell activation (13. 
14) Blockade of this costimulatory signal results m the in- 
duction of a state of antigen-specific nonresponsiveness known 
as anergy (13). Thus, one potential approach to mduang au- 
toreactive T cells into a tolerant state might be to block these 
costimulatory events. Studies performed in Ran sgenic mice 
support this possibility. The ecotopic expression of MHC 
class I or II molecules on nonprofessional APCs, such as the 
islets of Langerhans, is not enough to activate potentially au- 
toreactive T cells (15, 16). However, the expression of the 
appropriate costimulatory molecules, such as B7-1, on tne 
islets activates these cells and results in the autoimmune de- 
struction of the islets (17-19). Therefore, the potential to regu- 
late T cell costimulation provides a potent new approach to 
altering the functional activity of autoreactive T cells. 

While the costimulatory signals involved in IDDM are 
currently unknown, there are many cell surface molecules 
that may deliver the necessary costimulatory signal. Evidence 
suggests that the major T cell cosumulatory pathway ^nvolves 
the CD28-B7 family of costimulatory molecules. UJZH is 
expressed on the majority of naive and memory ■ T . cells (20, 
21). Activation of T cells with anti-CD28 roAb blocks the 
induction of anergy and synergism with anti-CD3 stimula- 
tion to increase both T cell proliferation and lymphokine 
production in vitro (22-25). Furthermore, F(ab) fragments 
of anti-CD28 inhibit the activation of T cells and, in some 
instances, renders them anergic (22). 

There are two known natural ligands for CD28. B7-1 was 
the first ligand to be identified and is expressed on "pro- 
fessional" APC, such as dendritic cells, macrophages, and 
activated B cells (26-30). In vitro studies using B7-1 trans- 
fectants demonstrated that B7-1 costimulatcd both antigcn- 



and mitogen-driven T cell proliferation and IL2 production 
by interacting with CD28 (31, 32). Recently, we and others 
EHLriW a second CD28 ligan* B7-2 . which is a so 
expressed on "professional" APC (33-36 . Clonm* ; of the 
B7 2 molecules has revealed sequence sunilarity to B7-1, and 
it has been shown to bind to the ^25 ^1^ (37-39^ 
Antibodies to B7-2 are more d^.^^™ 
at blocking T cell responses to natural APC »ch^naa 
allogeneic mixed lymphocyte reaction (40. 41). 
prolongation of allogeneic islet graft survival occurred under 
the cover of anti-B7-2 but not anti-B7-l mAb treatment, sug- 
gesting that the B7-2 costimulatory molecule plays a more 
dominant role than B7-1 in tbis immune response (Zeng. J. 
Lenschow, D. J-. and BluestoneJ. A., manuscript submitted 

for publication). , , . 

CTLA-4 is a cell surface molecule, with sequence homology 
to CD28, expressed on activated CD4* and CD8* T cells 
(42 43) Although CTLA-4 may not function as a costimula- 
tory molecule, a soluble fusion protein comprising the ex- 
tracellular domain of CTLA-4 and the Fc P™»/j[™ 
IgGl constant region. CTLA4lg, binds both iB7- 1 and B7-2 
and has been used to inhibit a variety of CD28-de P cndent 
immune responses, including in vivo anubody responses ,gd 
allogeneic and xenogeneic graft rejection 
in a xenogeneic islet transplant model, blockade of the 
CD28/B7 costimulatory pathway with CTLA4lg led to the 
induction of donor-specific tolerance (46). 

In this study, we examined the role of the CD28/B7 sig- 
naling pathway in the initiation and propagatio n °* au ™"; 
mune diabetes in the NOD mouse. While blockade of this 
costimulatory pathway with either CTLA4lg or anti-B7-2 
mAb prevented disease development, treatment with anti- 
B7-1 or a combination of anti-B7-l and anti-B7-2 mAbs 
resulted in a more rapid onset of disease in both female and 
male mice. These results indicate that the CD28/B7 costimula- 
tory pathway is involved in the control of this autoimmune 
response and may provide a powerful target to alter the func- 
tion of autoreactive T cells and human disease progression. 



Materials and Methods 

Mice. NOD mice were purchased from The Jacksoa Labora- 
tory (Bar Harbor, ME) and laconic farms, Inc (GcrmanMwn. NY) 
a J were bred in a specific pathogen-free animal factory a< .the 
University of Chicago. C57BL/6 (B6) mice were purchased from 
The Jackson Laboratory and were maintained in a pathogen-tree 
animal facility at the University of Chicago. 

Antibodies. In initial studies human CTLA4Ig and a control 
fusion protein. L6lg. were provided by Bristol-Myers Sqmbb Phar- 
maceutical R^ch Institute (Seattle. WA) (47) Later studies were 
performed with CTLA4Ig provided by Repligen Corp. (Cambridge. 
MA) (33) and a control human Ig purchased from Sigma Chnuieal 
Co (St. Louis, MO). Similar results were obtained with both set* 
of riagents. The hister anti-murine B7-1 mAb : (16-lOM was 
providedby Repligen Corp. The rat anti-murme B7-1 mAb(lG10) 
was generated* is piously described (48). The rat »»W 
87-2 mAb (GU) w« produced in an Acusyst Jr. btoreactoi (Coons 
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River, MN) and was purified by passage over 4 protein G-couplrd 
Scpharose column (35). FITC^coupled anti-Thyl and anci-B220 
mAbs and btotin-coupled anti-CD4, anti-CD8, and anti-CD69 were 
purchased from PharMingcn (San Diego, CA). PE-coupled strep- 
tavidin was purchased from Southern Biotechnology Associates (Bir- 
mingham, AL). . 

Treatment Protocol Groups of NOD mice were treated with 
CTLA4I gi anri-B74 mAbs (16-10A1 and 1G10), anti-B7-2 mAb 
(GL1), and control Abs (L6Ig and Ctlg) as follows. Male and fe- 
male NOD mice between 2 and 3 wk of age were treated with 
50 /ig of either control Abs (L6Ig or Ctlg), CTLA4Ig t anri-B7-l 
mAb (1G10 or 16-10A1), or anti-B7-2 mAb (GL1) every other day 
for 14 d. Animals then received one additional 50-/tg dose at weeks 
6, 7, and 8. Animals receiving both anti-B7-l (16-10A1) and anti- 
B7-2 mAb treatment received 50 m of each mAb. To test the effects 
of these reagents on later stages of the disease, female NOD mice 
were treated with 50 of the above reagents three times per week 
starting at 80 d of age for MO wk, or until the animals became 
diabetic- Animals treated with control antibodies beginning at 2 
wk of age showed a slight delay in the development of diabetes 
(12 wk) compared with untreated mice (10 wk) although the 
penetrance of disease was the same by 24 wk of age. with nearly 
90% of both control treated and untreated female mice becoming 
diabetic by 24 wk of age. 

Assessment of Diabetes, Starting at 7 wk of age, diabetes was 
assessed by weekly measurements cf blood glucose levels by use 
of a glucose meter (One Touch U; Lifescan, Inc. Milpitas, CA). 
Glucose strips were kindly provided by Lifescan, Inc. Animals were 
considered diabetic after two consecutive measurements >250 
mg/dl Onset of diabetes was dated from the first of the sequential 
diabetic measurements. 

Histological Analysis- The pancreases from killed animals were 
fixed in buffered formalin and embedded in paraffin. sections 
were cut and hematoxylin and eosin (H*E) staining was performed. 
To determine the severity of insuKtis in the various treatment groups, 
four to six animals per time point (4, 8, and 12 wk) were analyzed, 
and multiple tissue sections of the pancreases for each animal were 
scored for insulitis. At least 50 islets were counted per time point. 
Islets were scored blindly and found to be either free of insulitis 
(score = 0) l exhmitmgrjeriinsulitis (lymphocytes surrounding the 
islets and ducts but not infiltrating the islet architecture; score = 
1), exhibiting moderate insulitis (lymphocytes mnltiating <50% 
of the islet architecture; score - 2), or exhibiting severe insulitis 
(>50% of the islet tissue infiltrated by lymphocytes; score - 3). 
Mean clinical score - severity score x number islets in that cate- 
gory/number of mice. 

Pancreatic Lymphocyte Isolation. Pancreases from animals within 
the same treatment group were minced into 2-4-mm fragments. 
These fragments were then digested in an enzyme mixture con- 
taining 5 mg of hyaluronidasc (Sigma Chemical Co.), 1,500 U of 
DNase (Sigma Chemical Co.), and 50 mg of collagenase P 
(Boehringcr Mannheim Biochcmicals, Indianapolis, IN) in 50 ml 
of complete media (DMEM, 10% FCS, 2 mM L-glutamme, 25 /iM 
Hcpes butler, 100 U penicillin, 100 jig/ml streptomycin, 2 mM 
nonessential amino acids, and 5 * 10~ 5 M 2-ME). This mixture 
was incubated at room temperature for 60 min with constant stir- 
ring, then 1 ml of FCS was added, and the mixture was incubated 
for an additional 60 min. A single-cell suspension was obtained 
by filtering through a nytex screen. The cells were washed twice, 
resuspended in 10 ml media, and then fractionated on a discon- 
tinuous BSA density gradient by layering 10 ml of 35% BSA (Sigma 
Chemical Co.) under 10 ml of 24% BSA, which had been layered 



under the 10 ml of complete media containing the cells. After cen- 
trifugation at 1,400 rpm for 40 min, the interface between the 35 
and 24% layers was removed, washed twice, and then analyzed 
by FACS* (Becton Dickinson & Co., Mountain View, CA) for 
subsets and activation markers. 

Flow Cytometric Analysis. 10* spleen cells or pancreatic lym- 
phocytes were washed in FACS® buffer (0.1% BSA and 0.01% so- 
dium azide in 1 x PBS) and then incubated with FITC or biotm- 
couplcd staining reagents for 30 min at 4°C. The cells were then 
washed in FACS® buffer. Biotm-coupled reagents were developed 
with PE-coupied streptavidin by staining for 15 min at 4°C. The 
cells were then washed in FACS® buffer, and two-color flow cytom- 
etry was performed by use of a FACScan* flow cytometcr (Becton 
Dickinson & Co.). Data were analyzed with the Lysis II software 
program (Becton Dickinson * Co,)- Data were collected on 10* 
cells based on forward-scatter intensity and exclusion of dead cells 
based on staining with propidium iodide. 



Results 

Early Treatment of NOD Mice with CTLA4lg Prevents the 
Development of Diabetes. The development of autoimmune 
disease in the NOD mouse begins at between 2 and 4 wk 
of age as evident by the infiltration of the islet of Langerhans 
by lymphocytes (5, 49). This insulitis is an essential step in 
the development of full-blown diabetes 8-20 wk later. We 
therefore treated NOD mice beginning at ^2-3 wk of age, 
presumably at the onset of insulitis. Animals received either 
CTL A4Ig or control antibody (Ctlg) at a dose of 50 jig every 
other day for 2 wk followed by three additional 50-/ig injec- 
tions at weeks 6, 7, and 8. Female mice were continually 
monitored for the development of diabetes, Wink ~87% 
of the animals treated witb Ctlg developed disease between 
weeks 12 and 33, treatment with hCTLA4Ig blocked the 
development of diabetes (Fig. 1). Only 11% of the treated 
female mice became diabetic by 33 wk of age in contrast to 
the 87% of the Ctlg-treated animals. Within 24 h after the 
last injection, we could no longer detect serum levels of 
CTLA4Ig due to the animals mounting a vigorous antibody 
response to the human protein (data not shown). These results 
indicate that a relatively short treatment protocol that inter- 
rupts the CD28/B7 costhnulatory pathway either by directly 
signaling or blocking important interactions between members 
of the CD28/B7 family during a critical time in disease de- 
velopment prevents EDDM in female NOD mice. 

CTLAAIg's Interaction with B7-2 Pkys an Important Role in 
Preventing Disease CTLA4Ig , s ability to inhibit the devel- 
opment of diabetes could have resulted from the binding of 
CTLA4Ig to either of its two natural ligands, B7-2 or B7-L 
We have previously shown that while both molecules have 
the ability to costimulate T cell responses, under physiologic 
conditions, B7-2 appears to play the dominant costimulacory 
role both in vitro and in vivo (33, 40). Anti-B7-2 mAb, but 
not anti-B74 mAbs, inhibits an allogeneic mixed lympho- 
cyte response and prolongs allogeneic islet graft survival (Zeng. 
J„ et aL t manuscript submitted for publication). We there- 
fore examined directly the role of B7-2 in the development 
of autoimmune diabetes in the NOD mouse model- 
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Figure 1. Early treatment of NOD mice with CTLA41g and anti-B7-2 
mAbs prevents the development of diabetes. Female NOD mice were treated 
with CTLA4lg (□; « - 19), inti-B7-2 mAb (A; « - H)> and Ctlg 
(O; n - 16) as described in Materials and Methods. Beginning at 8 wk 
of age, diabetes was assessed by weekly measurements of blood glucose levels. 
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Figure 2. The late treatment of NOD mice has no effect on disease 
progression. NOD mice were treated with either Ctlg (O; n - 13) or 
CTLA4Ig (□; n - 29) three times a week for ac least 8 wk, or until 
the development of diabetes, beginning at M0 wk of age (80 d). The 
development of diabetes was monitored as described. 



2-wk-old NOD mice were treated with the anti-B7-2 mAb 
(GL1) as described above and followed for the development 
of diabetes. Only 45% of the anti-B7-2-treated mice became 
hyperglycemic by 33 wk of age, in contrast to 87% of con- 
trol treated mice (Fig. 1). Of the five anti-B7-2-treated animals 
that did develop diabetes, four of them did not develop dis- 
ease until at least 18 wk of age. Therefore, anti-B7-2 treat- 
ment was able to delay disease onset and block disease devel- 
opment in a subset of mice. However, its ability to induce 
and maintain tolerance to UDDM may not be as efficient as 
CTLA4Ig, in which only 11% of the treated animals became 
diabetic. 

Late Treatment of NOD Mice with CTLA4lg Has No Effect 
on Disease Outcome. While the first evidence of disease can 
be detected as early as 3-4 wk of age with the occurrence 
of insulitis, foll-blown diabetes does not develop until much 
later. These observations have suggested that at least two 
different events must occur to precipitate the eventual devel- 
opment of diabetes. To examine what effect the CTLA4Ig 
treatment had when initiated well after the induction of in- 
sulitis, but before any clinical signs of disease, such as hyper- 
glycemia, had developed, we started treatment of NOD mice 
when they were 80 d old. Animals were treated three times 
a week for 10 wk, or until the onset of disease, and moni- 
tored for the development of diabetes. Despite the ability of 
CTLA4Ig to inhibit disease development when administered 
early, It had little effect on disease outcome when treatment 
was initiated late in the disease process (Kg. 2)- Therefore, 
it appears that the inhibitory effects of these reagents are ex- 
erted during early phases of the disease process, either before 
the initiation of disease or just subsequent to the initial an- 
tigen engagement by islet-reactive cells. 

Effects of CD28 Antagonists on the Occurrence of Insulitis, To 
begin to address the mechanism by which CTLA4Ig and anti- 



B7-2 prevent disease, we examined treated animals for one 
of the earliest signs of diabetes, the development of insulitis. 
Rancreatic tissue from 8-wk-old female mice treated with Ctlg, 
CTLA4lg, or ant:-B7-2 mAbs were prepared and examined 
for insulitis. Insulitis could be detected in all of the treat- 
ment groups, including the CTLA4Ig and anti-B7-2-treated 
mice (data not shown). To further examine the development 
of insulitis in these animals, male and female mice were killed 
at 4, 8, and 12 wk of age, and histological sections of their 
pancreases were prepared and scored for the presence of insu- 
litis. Despite the ability of CTLA4Ig and anti-B7-2 mAbs 
to inhibit the development of disease, the presence of insu- 
litis was readily detectable at all times. By 4 wk of age, ~30% 
of the islets from Ctlg (mean clinical score ~ 7.45), CTLA4Ig 
(mean clinical score = 4.13), and anti-B7-2 mAb- (mean clin- 
ical score = 7.25) treated female mice showed evidence of 
cell infiltration although the majority of the insulitis was non- 
destructive periinsulitis (Rg. 3). The severity of the infiltrate 
continued to increase at 8 wk of age in all groups, although 
both the CTLA4Ig-and anti-B7-2 mAb-treated groups ap- 
peared to have a slightly more severe infiltrate at this time 
than did the Ctlg-treated animals. By 12 wk of age, all three 
groups had between 40 and 60% of their islets infiltrated 
by lymphocytes, and the severity had increased (Ctlg mean 
clinical score = 16.28; CTLA4lg mean clinical score = 24.0; 
anti-B7-2 mAb mean clinical score = 16.75). Similar results 
were also observed in the treated males (data not shown). 
Thus, the inhibition of disease development induced by 
CTL A4Ig and anti-B7-2 treatment was not caused by a quan- 
titative difference in the T cell infiltrate into the islets, and 
therefore these treatments must alter a later event in this disease. 

Treatment of NOD Mice with a Combination of Anti-87-1 
and Anti-Bl-2 mAbs Accelerates Disease Onset Previous results 
in an allogeneic transplant model demonstrated that a com- 
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Figure 3. The incidence of insultcis in NOD 
mice treated with CD28 antagonists. Female 
animals from the various treatment groups were 
killed at 4, 8, and 12 wk of age. Pancreatic sec- 
tion* were stained with H&£ and then scored 
for the presence of periinsuUlis (solid ban), mod- 
erate insulitis (cross-hutched httrs), or severe insu- 
litis (shaded bars). Three to six animal* (at least 
50 islets) from each time point were scored. In- 
sulitis is reported as the percentage of infiltrated 
islets per total islets scored for each treatment 
group and time point. 



bination of anti-B7-l and anti-B7-2 mAbs was more im- 
munosuppressive than cither drug alone (Zeng, J., et aL manu- 
script submitted for publication). Therefore, we examined 
the ability of the combined therapy to block the develop- 
ment of diabetes in NOD mice. 2-3-wk-old mice were treated 
with both anti-B7-2 and anti-B7-l (16-10A1) mAbs as de- 
scribed in Materials and Methods. Despite the ability of anti- 
B7-2 mAb to inhibit disease onset, treatment with a combi- 
nation of anti-B7-l and anti-B7-2 mAbs resulted in an ac- 
celerated onset on disease (Fig. 4). By 12 wk of age, >65% 
of the combined treated female mice developed diabetes, and 
by 16 wk of age, all but one animal were hyperglycemic Treat- 
ment of 2-wk-old NOD mice with the anti-B7-l mAb (16- 
10A1) alone also made the disease worse (Fig, 4). In fact, 
hyperglycemia was detected in some mice as early as 8 wk 
of age in both treatment groups. More than 80% of the arm- 
B7-l-treated female mice were diabetic by week 12, and by 
16 wk of age, 100% of the female mice were hyperglycemic. 
In contrast, at 16 wk of age only 20% of the Ctlg-treated 



100 



£ 80 



2 60 

S 



"o 
c 



40 



20 



; j — " anti KM^anti B7-2 
AqJF atfiB7-1 




Control lg 



i i i 

10 15 20 25 
Age (Weeks) 



Figure 4. A combination of anti-B74 (16-10A1) and anti-B7-2 mAbs 
accelerates the onset of diabetes. Female NOD mice were treated at 2 wk 
of age with control lg { ; « - 16), anri*B7-l (O; n - 17), or both 
*nti-B7-l and acti-B7-2 mAbs (A; n - 18) as described. The treated animals 
were then monitored for the development of diabetes. 



animals were diabetic, with only 70% developing diabetes 
by 24 wk of age. To eliminate the possibility that this phe- 
nomenon was due to nonspecific toxicity of the 16-10A1 mAb, 
these studies were repeated with another anti-B7-l mAb, lGlO- 
As shown in Fig. 5 A r treatment of the female NOD mice 
with 1G10 also accelerated the development of diabetes. 100% 
of the IGlO-treated female mice became diabetic by week 18. 
Even more striking than the exacerbation of disease in the 
female mice was the observation that anti-B7-l treatment in- 
duced disease in normally resistent male NOD mice (Fig. 
5 B). Disease was first detected in these anti-B7-l- (16- 
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Figure 5. Anti-B74 therapy accelerates disease in both male and fe- 
male NOD mice. Female (A) and male (B) NOD mice were treated with 
control lg (O; female n - 16. male u - 10) Ot one of two anti-B7-l 
mAbs: 16-lOAl female n - 17, male n - 15) or 1G10 (■; female 
n - 5, male n - 9) beginning at 2 wt of* age as described and followed 
for the development of diabetes. 
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lOAl)-treated male mice at 8 wk of age. By 24 wk of age, 
73% of these male mice had developed diabetes, while there 
was autoimmune diabetes in only 20% of the control-treated 
mice. Furthermore, 1G10 treatment resulted in the develop- 
ment of diabetes in >50% of the male NOD mice (Fig. 5 
B ). Finally, as seen with CTLA4Ig, treatment of NOD mice 
after 10 wk of age with anti-B74 mAbs did not alter the 
development of diabetes (data not shown). 

Treatment of NOD Mice with AnfaB7t mAbs Alters Early 
Events in Disease Development The development of insulitis 
was also examined in these anti-B7-l-treated animals. While 
all of the treatment groups exhibited insulitis at 8 wk of age 
in the anti-B7-l-treated mice, the islets appeared to be more 
severely infiltrated, with few if any intact islets remaining 
(data not shown). Further analysis of these mice revealed that 
anti-B7-l treatment increased the time course and severity 
of insulitis in both male and female mice. As seen in Fig- 
3, while anti-B7-l-trcated female mice did not exhibit an 
overall increase in the percentage of islets affected at 4 wk 
of age, the severity of the infiltrate.was increased (Ctlg [mean 
clinical score = 7.45] and anti-B7-l mAb [mean clinical score 
- 10.35)). By 8 wk of age, the effect was even more dra- 
matic, with >70% of the islets from anti-B74-treated mice 
demonstrating moderate to severe insulitis. In fact, >50% 
of the islets had a severe insulitis, resulting in a complete loss 
of the islet architecture, compared with 10-26% in the other 
treatment groups (Fig. 3). While at 12 wk of age the per- 
centage of islets infiltrated in the other groups was nearing 
that of the anti-B7-l-treated group, the severity of the infiltrate 
in the anti-B7-l mAb-treated mice (mean clinical score =- 
41.33) was much greater than either the Ctlg (mean clinical 
score = 16.28) or the CTLA4Ig (mean clinical score - 24.0) 
treated mice. A similar increase in the severity of insulitis 
was also observed in the anti-B7-l-treated male mice (data 
not shown). 

We also examined the effects of anti-B7-l mAb treatment 
in normal B6 mice. 2-wk-old animals were treated as previ- 
ously described with anti~B74 raAb (16-10A1). Anti-B7-1- 
treated male and female B6 mice were monitored for 30 wk 
for the development of diabetes or insulitis. None of the treated 
animals developed any signs of diabetes, including insulitis. 
12-wk-old B6 mice treated with either Ctlg (a) or anti-B7-l 
(16-10A1) mAb (b) demonstrated no signs of lymphocytic 
infiltrates into either the islets or pancreas (Fig. 6)- In con- 
trast, tbe islets of a 12-wk-old NOD mouse treated with anti- 
B7-1 (d) displayed severe infiltrate into all of the islets present 
within the pancreas. Ctlg-treated NOD mice (c) also exhibited 
signs of lymphocytic infiltrate, although once again, not as 
severe as in the anti-B7-l-treated animals. Therefore, the and- 
,B7-1 mAb did not induce disease in the absence of the genetic 
predisposition. 

Finally, we examined the cellular makeup of the pancreatic 
infiltrate in the various treatment groups. Pancreases from 
treated animals were isolated at 11-13 wk of age, and the 
infiltrating lymphocytes were examined* Both T and B cells 
were present in all of the groups, with 12-20% of the infiltrate 
being composed of B220* cells and 30-42% of it composed 



of Thyl* cells (data not shown). The CD4/CD8 ratios 
were also similar between all of the groups. Analysis of T 
cell activation by CD69 expression (50-52) demonstrated that 
T cells isolated from the pancreases of all of the female treat- 
ment groups were activated to some degree (mean fluores- 
cent intensity [MFI] of control-treated animals = 10.85) com- 
pared with either splenic T cells from the same animals (MFI 
of control animals - 3.39) or age-matched male mice (MFI 
of control animals * 4.79). However, CD69 expression of 
pancreatic T cells isolated from both the male and female 
anti-B7-l-treated mice was significantly increased above the 
levels observed in the Ctlg-, CTLA4Ig-, or anti-B7-2-treated 
animals (Fig. 7). The female anti-B7*l-treated mice exhibited 
a mean fluorescence intensity of nearly 2.5 times that of Ctlg- 
treated female mice, and the male mice expressed levels 1-75 
times that of Ctlg-treated male mice. While Kg. 7 suggests 
that treatment with anti-B7-2 mAb resulted in a reduced ex- 
pression of CD69 in the T cells isolated from the spleen or 
male pancreases, this was not observed in repeated experi- 
ments. The increased expression of CD69 on the B7-l-treated 
pancreatic T cells together with the increased severity of in- 
sulitis indicate that anti-B7-l treatment alters a very early 
event in the disease process, resulting in an accelerated onset 
of disease. 

Discussion 

One model for the induction of T cell tolerance suggests 
that the inability of nonconventional APC to fully activate 
T cells due to their lack of costimulatory molecules results 
in T cell inactivation (anergy) and, in some instances, cell 
death. While several studies have demonstrated that the ec- 
topic expression of MHC molecules and the appropriate 
costimulatory molecules on nonconventional cells, such as 
the islets of Langerhaus, can induce an autoimmune destruc- 
tion of the islets (17-19). few studies have directly examined 
the role of costimulatory signals during the normal develop- 
ment of autoimmune diabetes. In this study, we examined 
the role of the CD28/B7 signaling pathway in the genera- 
tion and propagation of autoimmune diabetes in the NOD 
mouse model. 

CTLA4Ig, a soluble CD28/B7 antagonist, has been shown 
to inhibit a variety of responses, including allogeneic and 
xenogeneic transplant rejection (45, 46), antibody responses 
(44), and autoimmune disease (53). In this study, CTLA4lg 
treatment of NOD mice also resulted in a profound inhibi- 
tion of disease onset when administered just before or at the 
onset of insulitis. Only 11% of the CTLA4Ig-treated mice 
became diabetic. Similar results were observed with an anti- 
B7-2 mAb. GL1, previously shown to be the dominant 
costimubtory CD28 ligand in allogeneic responses (33). Anti- 
B7-2 mAb treatment of NOD mice inhibited diabetes when 
initiated at 2 wk of age, with only 45% of the anti-B7- 
2-treated mice becoming diabetic compared with 87% of 
control treated mice. In both instances, the CD28 antago- 
nists had no effect on the development of disease if administered 
late (>10 wk of age). These results suggest that these inhibi- 
tory reagents block early events in disease development. The 
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Figure 6. Anti-B7-1 treatment only induces insuhtis in genetically susceptible strains of mice. NOD and B6 mice were treated with either and^B7-l 
(16-10 At) or a Ctlg beginning at 2 wk of age as described in Materials and Method*. Representative H&E section* of 12-wk-old mice are shown. 
(a) Ctig-tteated B6, {b) anti-B74-treated B6 ? (c) Ctlg-treated NOD, and {d) anti-B7-l-treated NOD. x200- 




figure 7. Phenoeypic analysis of lymphocytes infiltrating the pancreas 
of treated animals. T cells isolated from either the spleen or panerea* of 



inability of CTLA4Ig to block the development of diabetes 
when administered late in the disease process differs from the 
observations of Rnck et al (53) that late treatment could 
suppress an active autoimmune response in a model for mu- 
rine lupus- This difference may be due to the more predomi- 
nant role of antibodies in the lupus model or a difference 
in reagents, since in these studies only murine and not human 
CTLA4Ig had a beneficial effect. 

While both CTLA4Ig and anti-B7-2 mAb treatment were 
able to decrease the incidence of diabetes, they had little effect 



H-13-wk-old treated mice were analyzed for surface expression of CD69 
by FACS* analysis. The percentage of control mean fluorescence » (MFI 
of treatment group/MFl of control group) x 100. The MFI for the control - 
treated animals are female splenic T cells - 3.39, female pancrearie T cells 
- 10-85, and male pancreatic T cells «■ 4.79. Each group is composed 
of live mice, and the data a«* r«sprtxentative of two experiment i. 
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on the occurrence of insulitis. CTLA4Ig- and anti-B7-2-treatcd 
animals developed an equivalent lymphocytic infiltrate to that 
of Ctlg-trcated animals, so that by 12 wk of age, the mean 
clinical scores were essentially equivalent. Similar results were 
also obtained in treated male mice, although a significant de- 
gree of infiltration (>40% of the islets) was not detected until 
12 wk of age (data not shown). Isolation of the lymphocytes 
infiltrating the pancreas demonstrated that equivalent numbers 
of T cells (CD4 and CDS) and B cells were present in all 
three groups. Moreover, the degree of T cell activation, as 
assessed by the expression of CD69, was equivalent in the 
Ctlg-, CTLA4Ig-, and anti-B7-2-treated groups. Therefore, 
quantitatively, the infiltrate appears to be quite similar be- 
tween Ctlg- treated animals that develop disease and CTLA4Ig- 
or anti-B7-2-treated animals that do noc However, qualita- 
tive differences in the infiltrate may exist. One possibility is 
that the interruption of critical interactions between CD28 
and its costimulatory ligands may result in the induction of 
anergy to islet antigens such as GAD65. These antigens have 
been shown to play an important role in the early phase of 
the development of disease (11, 12). Alternatively, CTLA4Ig 
and anti-B7-2 treatment may inhibit disease, not by inducing 
anergy to these islet antigens, but by altering the balance of 
Thl and Th2 cells that infiltrate the islets and respond to 
the autoantigens (54). In fact T recent data from Knchroo et 
al. (54a) have suggested that the in vivo functional effects 
of anti-B7-2 mAbs in an experimental autoimmune en- 
cephalomyelitis (EAE) model are a result of changes in the 
balance of Thl and Th2 subsets in these animals. 

While anti-B7-2 treatment inhibited diabetes development 
in NOD mice, its effects were not as profound as CTLA4Ig 
treatment. This could be due to the differences in affinity 
of the mAb and CTLA4Ig for B7-2 or CTLA4Ig's ability 
to bind to alternative ligands, such as B7-1. Therefore, NOD 
mice were treated with either a combination of anti-B7-l plus 
anti-B7-2 mAbs or anti-B7-l alone. In contrast to the im- 
munosuppression of NOD disease observed after anti-B7-2 
or CTLA4Ig therapy, treatment of NOD mice with ami- 
B7-1 mAbs at the onset of insulitis resulted in a more severe 
infiltrate and a rapid onset of disease in both male and female 
mice. This effect was observed with two different anti-B7-l 
mAbs, 16-lOAl and 1G10, even though 1G10 has a 40-fbld 
lower avidity for B7-1 than does 16-10A1 (33). Unlike the 
. CTLA4Ig or anti-B7-2 treatment, which had little effect on 
the development of insulitis, the treatment of NOD mice 
with anti-B7-l mAbs resulted in a more severe and rapid onset 
of insulitis. Furthermore, the T cells isolated from the anti- 
B7-l-treated female and male mice expressed higher levels 
of CD69, indicating they were more highly activated than 
T cells isolated from the other treatment groups. 

These results indicate that B7-1 plays a direct role in con- 
trolling this autoimmune response by directly signaling 
through the B7-1 molecule, interrupting a critical interac- 
tion between B7-1 and one of its ligands, or interacting with 
a distinct population of APC during the development of dis- 
ease. Interestingly, transfectants of both B7-1 and B7-2 are 
capable of providing the necessary costimulatory signals to 



the T cell (37-39). However, differences in both the expres- 
sion and function of these two molecules have been observed. 
The expression of B7-2 occurs much more rapidly than B7-1 
after B cell activation (33, 41). Furthermore, Ig cross-linking 
only induces significant levels of B7-2 and not B7-1 (40). Thus, 
it is possible that B7-2 is expressed on APC essential for ini- 
tiating full-blown diabetes, while B7-1 is expressed on cells 
that regulate the development of insulitis. For instance, B7-1 
is expressed on activated T cells (55). Thus, the anti-B7-l 
mAb might deliver a signal to the T cells that alters effector 
cell function, such as lymphokine production, resulting in 
a potential shift in the balance of Thl and Th2 subsets. Al- 
ternatively, the interaction of the anti-B7-l mAb with con- 
ventional APC could increase the antigen presentation or 
costimulation capabilities of the cells, resulting in a more po- 
tent T cell response. Finally. anti-B7-l treatment may mediate 
its effects by blocking the interaction of B7-1 with one of 
its counter-receptors, CTLA-4 (43). Recent data from our 
laboratory suggest that the signals delivered to the T cell by 
CD28 and CTLA-4 may be different. F(ab) fragments of anti- 
CTLA-4 antibodies augment T cell proliferation in an 
allogeneic MLR by blocking an off signal presumably deliv- 
ered by a CTLA-4 ligand (42). These results suggest the pos- 
sibility that while the CD28 molecule provides important 
costimulatory signals to the T cell, CTLA-4/B7-1 interac- 
tions may actually function to downregulate an immune 
response. The interruption of such a negative signal by anti- 
B7-1 mAbs would prevent the downregulation of an autoim- 
mune response and result in a more severe disease. 

Despite the ability of anti-B7-2 mAb to inhibit costimula- 
tion and prevent diabetes, a combination of *anti-B7-l and 
anti-B7-2 mAbs increased the onset of diabetes in both fe- 
male and male mice (data not shown), similar to anti-B7-l 
mAb treatment alone. These results raise the possibility that 
B7-1 and B7-2 function at different time points during the 
development and propagation of this autoimmune response. 
In this regard, there is good evidence that this disease progresses 
in at least two stages (56). The first event results in the devel- 
opment of insulitis, and later events are responsible for the 
progression to full-blown diabetes. While both CTLA4Ig 
and anti-B7-2 treatment inhibited the development of dia- 
betes, neither treatment prevented the occurrence of insu- 
litis. Furthermore, animals not receiving the additional three 
doses at weeks 6, 7, and 8 were not protected from developing 
diabetes (data not shown). Together, these results suggest 
that anti-B7-2 and CTLA4Ig treatment act late in disease 
development. In contrast, anti-B7-l mAbs increased both the 
rate and severity of insulitis, and the additional three doses 
at weeks 6, 7, and 8 were not necessary for exacerbation of 
disease (data not shown), suggesting that this therapy altered 
the initial stages of the disease process. There are several pos- 
sible explanations for the exacerbation of disease observed with 
a combination of anti-B74 and anti-B7-2 mAbs. First, it is 
possible that the initial activation event may be CD28 inde- 
pendent. If this is the case, then this event would rely on 
alternative costimulatory pathways and would therefore not 
be affected by blockade of the CD28 ligands. B7-1 or B7-2. 
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In this regard, it is interesting to note that early ailoantigen 
responses are largely unaltered in vivo or in vitro in CD28- 
dc&cicnt mice (57). By comparison, the later events of dis- 
ease progression would appear to be exclusively CD28 
dependent. Alternatively, all of the stages of autoimmune di- 
abetes may be CD28 dependent, and the initiation of treat- 
ment at 2 wk of age is not early enough to prevent the de- 
velopment of insulitis, but would inhibit the later events 
responsible for disease progression. In either case, autoreac- 
tive T cells would be activated and express both CTLA-4 
and B7-1. Therefore, the exacerbation of disease mediated by 
the anti-B7-l mAb would dominate the inhibitory effects of 
anti-B7-2 treatment by either directly signaling through the 
B7-1 molecule or interrupting a critical interaction respon- 
sible for shutting down the immune response. Future experi- 
ments with Fab and F(ab)'2 fragments of the anti-B7-l and 
anti-B7-2 mAbs, as well as genetically altered B7-1 and B7-2 
knockout mice, will allow us to detennine the mechanism 
by which B74 treatment exacerbates disease. 



Finally, these observations do not appear to be restricted 
to the NOD autoimmune mouse model Preliminary studies 
performed in collaboration with Dr. Steve Miller (North- 
western University, Chicago, Et) in an EAE model have shown 
that treatment of mice with anti-B7-l during the primary 
response to proteolipid protein resulted in more rapid and 
severe secondary relapses (Miller, S., C Vanderlugt, D. J. Len- 
schow, and J. A. Blues tone, unpublished observations). There- 
fore, the mechanism responsible for the anti-B7-l-mediated 
acceleration of disease in the NOD mouse model may be 
similar for other autoimmune diseases. 

In conclusion, these results clearly demonstrate that T cell 
costimulation is an essential component of the in vivo acti- 
vation of autoreactive T cells and the development of autoim- 
mune diabetes. Thus, the manipulation of this costimulation 
pathway may provide a powerful new target for the develop- 
ment of future therapies for diabetes and other autoimmune 
diseases. 
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Abstract 

The activation and differentiation of T cells require both 
antigen/MHC recognition and costimulatory signals. The 
present studies examined the role of B7-1 (CD80) and B7- 
2 ( CD86) costimulation in the prototypic autoimmune disor- 
der, experimental allergic encephalomyelitis (EAE). In 
adoptively transferred EAE, in vitro activation of myelin 
basic protein (MBP) -specific lymph node cells was inhibited 
by the combination of and CD80 plus anti-CD86, but not 
individually. However, in actively induced disease, one injee 
ti n of anti-CD80 significantly reduced disease, while anti 
CD86 exacerbated disease* Interestingly, one injection of 
CTLA-4Ig suppressed disease, while multiple injections re- 
sulted in enhanced disease* Thus, the costimulation provided 
by B7-1 molecules appears to be important for the develop- 
ment of encephalitogenic T cells. The enhanced disease 
caused by multiple injections of CTLA-4Ig or a single injec- 
tion of anti-CD86 suggests an inhibitory function for CD86 
interaction with its counterreceptors CD2S and CTLA-4 in 
EAE. Alternatively, these results are consistent with an es- 
sential timing requirement for the coordinated interaction 
of B7 and CD28 family receptors, and that disruption of 
this critical timing can have opposing results on the outcome 
of an immune response. (J. Clin, invest 1995. 96:2195- 
2203.) Key words: allergic encephalomyelitis * autoimmune 
disease • B7 • T lymphocyte • T cell costimulation 

Introduction 

For T cell activation to take place, it is necessary for the T cell 
to receive two signals from the antigen presenting cell ( APC) 1 
(1-3). One signal determines the antigen-specificity of the re- 
sponse and results from antigenic peptide bound to MHC inter- 
acting with the T cell receptor. The second signal, termed co- 
stimulation, is provided by accessory molecules on the APC 
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and appears to be necessary for functional T cell activation (4). 
The B7 family of cell surface molecules expressed on APC is 
capable of providing this second signal to T cells via two recep- 
tors. CD28 and CTLA-4 (5, 6) 

Previously, we have examined the role of the B7:CD28/ 
CTLA-4 interaction in the induction of a prototypic, T cell 
mediated, autoimmune disorder experimeatal allergic encepha- 
lomyelitis ( EAE) (7). EAE is induced by CD4 + , class II MHC- 
restricted T cells of the Thl phenotype that predominantly se- 
crete the cytokines IL-2 and IFN-y (8-10). In most murine 
models of EAE, the response of these encephalitogenic T cells 
is directed against either of two myelin antigens, MBP or pro- 
teolipid protein (11-12). We demonstrated that by using a 
fusion protein ligand for B7. CTLA-4lg, we were able to inhibit 
the proliferation and IL-2 production of MBP-specific LNC 
during their activation in vitro, resulting in reduced clinical 
disease upon subsequent transfer (7). 

It appears that Thl -like T cells are the inducing cells in the 
EAE model (8-10). As we and others have shown, costimula- 
tion provided through CD28 is very important for the secretion 
of cytokines by Thl cells (4, 7. 13). On the other hand. Th2 
cells, which predominantly secrete IL-4 and IL-10, are helper 
cells important for IgG! and IgE antibody production and ap- 
pear to be important regulatory cells in inflammatory. DTH- 
lilce responses, including EAE ( 10, 14, 15) The ability of CD28 
to provide costimulation to Th2 cells is less well-defined, al- 
though there appear to be examples where B7 may also play a 
role in IL-4 production (16, 17). 

At least two members of the B7 family of CD28 Ugands 
have been defined, B7-1 (CD80) and B7-2 (CD86) (18-24). 
These molecules, although only having modest homology, are 
each able to provide costimulation to T cells for proliferation 
and IL-2 production (22, 25, 26), It is probably for this reason, 
that a mouse genetically deficient for CD80 (B7-1 ), was essen- 
tially immunocompetent (21 ). In addition, it is likely that there 
may be another member of the B7 family capable of providing 
a costimulatory signal to T cells through CD28 and/ or CTLA- 
4(27, 28). 

B7-1 (CD80) and B7-2 (CD86) may be expressed differen- 
tially on various APC and their kinetics of expression and bind- 
ing may also differ (24). B7-2 is constitutively expressed by 
monocytes, however B7- 1 can be induced on these APC by IFN- 
y (20, 29, 30). On B cell populations following an activation 
stimulus, B7-2 is expressed within 6 hr while B7-1 expression 
occurs significantly after that time (27, 31, 32). Interestingly, 
only B7-2 expression is increased on dendritic cells after expo- 
sure to IFN-y (33). 

Initial studies indicated that CTLA-4 provided a costimula- 
tory signal in conjunction with CD28 (34). Recent evidence 
suggests that the signaling through the CTLA-4 molecule may 
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actually mediate a negative regulatory function. There are sev- 
eral lines of evidence to support this notion. First, in CD28- 
deflcient mice, costimulation provided by B7* accessory cells 
did not appear to transduce a positive signal (35) . Other studies 
provided direct evidence for the ability of CTIA-4 to deliver 
a negative signal (36, 37). Furthermore, constitutive expression 
of murine B7-1 (CD80) on mature B cells resulted in depressed 
antibody responses to T cell-dependent hapten-protein conju- 
gates, suggesting that B7-1 may contribute to feedback inhibi- 
tion of T cell-dependent immune responses in vivo (38). 

In light of these differences, we examined the separate roles 
of the different costimulatory molecules 87-1 (CD80) and B7- 
2 (CD86) in a T cell-mediated, organ-specific model of autoim- 
munity, EAE. Our results indicate that antigen (MBP)-primed 
T lymphocytes are capable of becoming activated and encepha- 
litogenic by in vitro stimulation utilizing either B7 ligand. CD80 
or CD86. However, there appears to be differential effects of 
these ligands on the development of encephalitogenic T cells 
in vivo, demonstrated by different clinical outcomes when anti- 
B7 reagents are administered in actively induced EA£. 

Methods 

Mice. Female SJL/J and (PL x SJL)F1 mice were obtained from The 
Jackson Laboratory (Bar Harbor, ME) at 6-8 wk of age. Mice were 
10- 12 wk of age when experiments were initiated. All proceduies were 
in compliance with guidelines set by the NIH Animal Care and Use 
Committee. 

Reagents. Whole MBP was prepared from guinea pig spinal cords 
(Rockland. Inc., Gilberts villc. PA) as previously described (39)- Hu- 
man CTLA-4Ig and a control fusion protein hlgGl were prepared by 
utilizing a previously described strategy (40). aCD80 mAb 16-10A1 
(41 ) was provided by Dr. Hans Reiser (Dana Farber Cancer Institute. 
Boston. MA). Anu-murine CD86 mAb OL-1 (23) was provided by Dr. 
Richard Hodes (National Institute of Aging, NIH, Bclhesda, MD). mAb 
9.3 was used as a control for crCDSO and a rat IgG2a antibody was 
used as a control for <*CD86. All antibodies were purified from hybrid - 
oma culture supernatant* and the endotoxin content of the hCTLA-4lg, 
the control fusion protein, and all mAb used in these studies was less 
than 0.4 ETJ/mg. Fab fragments were made from anti-CD80, anu-CD86, 
and control antibodies using the ImmunoPure Fab Kit (Pierce, Rockford. 
IL) according to the manufacturer's instructions. The Fab fragments 
were subsequently run on a 12% SDS-PAGE gel under nonreducing 
conditions with molecular weight markers and whole antibody mole- 
cules. Gels were stained with Coomasie blue and purity assessed. 

Induction of EAE. For adoptively transferred EAR SiL mice were 
immunized with MBP (400 pig) in CFA and 10 d later draining lymph 
nodes removed. MBP-specific LNC were cultured in RPMl 1640 (Bio 
Whittaker. Walkersville, MD) supplemented with 10% FBS, penicillin 
G (100 U/ml), glutamine (2 mM), nonessential aminoacids, Hepcs 
buffer, 2-ME, and MBP (25 p%tttA) *° r 4 d- LNC were then washed 
and adjusted to the required concentration in PBS so that each recipient 
received 3 x iO 7 cells in a 0.2 ml suspension via the tail vein. Recipient 
mice were examined daily for signs of disease by a blinded examiner 
and graded on the following scale: 0, no abnormality; 1, a limp tail; 2. 
moderate hind limb weakness; 3. severe hind limb weakness; 4, com- 
plete hind limb paralysis; 5, quadriplegia, or premoribund state ( 10). 

For actively induced EAE, (PL X SJL)F1 mice were immunized 
subcutaneously with MBP/CFA (400 MBP/mouse) twice separated 
by one week. Animals were observed daily for signs of disease as above. 

Lymphocyte proliferation. Proliferative responses were measured on 
MBP-specific LNC by incubating LNC (2 x 10 s cells/well) with MBP 
(25 /xg/ml) or medium atone in the presence or absence of the various 
concentrations of unti*B7 reagents as indicated. For MBP-specific T cell 
lines, T cells (1 x JO 5 cells/ well) were cultured with irradiated (3000 



rad). syngeneic splenocytex as APC (2 x IO 5 cells/well). T cell lines 
were generated as previously described (42). Cultures were maintained 
in 96-well. flat-bottom microliter plates (Cosiar. Cambridge, MA) for 
96 h at 37°C in humidified 5% CO : air. The wctls were pulsed with 1 
^iCi/well of [ 'H] methyl -thy midtae (New England Nuclear. Boston. 
MA) for the final 16 h of culture. Cells were harvested on «txss Hbcrs 
and incorporated [ J H]methyUrhymidinc was measured with a Betaplatc 
counter (Wallac. Gaithersburg, MD). Results were determined as arith- 
metic means from quadruplicate cultures and SEM shown. 

Measurement of lymphokine production. An IL-2-dependcnt cell 
line, CTLL.EV (43), was generously provided by Dr. W. Paul (National 
Institute of Allergy and Infectious Diseases, NIH. Bethesda. MD). 50 
y\ of supernatants from experimental cell cultures were assayed in qua- 
druplicate. Results were compared with proliferation of the cell line to 
known amounts of IL-2 as standards. Standard deviation of replicate 
cultures was < 10% of the mean. 

Statistical methods. Treatment effects were assessed by the Mann- 
Whitney Sum of Ranks test. 

Results 

Effects ofanti-Bl reagents on MBP-specific T cell proliferation 
and IL-2 production. Previously, we demonstrated that the pres- 
ence of CTLA-4lg during the in vitro activation stage of adop- 
tively transferred EAE resulted in a decreased proliferative re- 
sponse by MBP-specific LNC, reduced IL-2 production, and a 
diminution of clinical disease on subsequent transfer (7). With 
antibodies that specifically recognize two members of the B7 
family, CD80 (B7-1 ) and CD86 (B7-2), we were able to exam- 
ine the ability of these molecules to provide costimulation to 
MBP-primed LNC. As shown in Fig. 1, neither the presence of 
aCD80 nor aCDZS alone substantially inhibited the prolifera- 
tive response of MBP-specific LNC to MBP. However, the 
addition of both aCD80 plus aCD86 resulted in dramatic inhibi- 
tion of T cell proliferation (81% inhibition at the concentration 
of 0.625 /xg/ml of both antibodies). As we had shown pre- 
viously, addition of CTLA-4lg inhibited T cell proliferation in 
a dose-dependent manner (Fig. 1). Of note, while increasing 
the concentration of CTLA-4Ig resulted in decreased prolifera- 
tion, the combination of «CD80 and aCD86 was most efficient 
at inhibiting T cell proliferation at the lowest concentration 
examined. This unexpected dose-response suggested the possi- 
bility that signal transduction through the B7 receptor is induced 
by the antibodies at lower concentrations, followed by effects 
consequent to receptor blockade at higher concentrations. To 
test this possibility, Fab fragments of the arB? antibodies were 
used to examine their effect on T cell proliferation. Similar to 
CTLA-4Ig, use of Fab fragments resulted in a dose-dependent 
inhibition of T cell proliferation (Fig. 1 C). 

In addition to T cell proliferation, we also examined the 
secretion of IL-2 into the tissue culture supernatants (Fig. 2). 
Since a low concentration of aCDSO plus &CD86 was most 
effective in inhibiting T cell proliferation, we used these re- 
agents at an optimal concentration of 1 pigfmi when examining 
IL-2 production. For comparison, CTLA4-Ig was used at a con- 
centration of 5 ^g/tnl. Both the combination of «CD80 plus 
crCD86 or CTLA4-Ig alone inhibited the production of IL-2 by 
MBP-specific LNC. It is important to note that in our previous 
study, the dose response for the effect of CTLA-4Ig on IL-2 
production by MBP-specific LNC reached a plateau at 5 fig/ 
ml, such that IL-2 production was inhibited to a similar degree 
by CTLA-4Ig when used at a concentration of 30 /ig'ml (7). 

Because of the decreased proliferative response and reduced 
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Figure /. <*CD80 and aCD86 together, but not individually, suppress 
proliferation of MBP-primed LNC. SJL/J mice were immunized with 
MBP/CFA. draining lymph nodes removed 10 d later, and stimulated in 
culture medium with MBP (25 /xg/ml) as described in Methods. (A) 
Varying concentrations (/ig/ml) of aCD80. oCD86. or appropriate con- 
trol antibodies were included in culture medium. (B) CTLA-4Ig, chimeric 
igOl, or combination of aCD80 and oCDS6 or control antibodies were 
included in the culture medium. ( C) Fab fragments of oCD80 and «CD86 
or control Fabs were included in the culture medium. Baseline prolifera- 
tion of LNC cultured in the absence of MBP was 1.2*0.2 X 10** cpm 
and proliferation of LNC with MBP and no antibodies was 17.8±1.2 
X 10* cpm; results are expressed as the mean of quadruplicate cultures 
with SEM shown. 



IL-2 production, the proliferative response of the above T ceil 
lines upon restimulation with MBP was examined. Mice were 
immunised with MBP in the absence of costiraulatory blockade, 
and the draining LNC cultured in the presence of CTLA-4*g or 
anti-CD80 plus antx-CD86. Despite reduced IL-2 production in 
the presence of CTLA-4Ig or oCDSO plus «CD86 during the 
initial stimulation in vitro (Fig. 2), ail cell lines responded to 
MBP restimulation and produced significant amounts of IL-2 
(Fig. 3). Addition of CTLA~4Ig during the second stimulation 
of these lines resulted in no or only modest inhibition ( < 25%) 
of the proliferation of cells previously activated in the presence 
of the chimeric IgGl or CTLA-4Ig (Fig. 3 A). The addition 
of ofCD80 plus etCD86 during the second stimulation did not 
significantly inhibit T cell proliferation ( Fig. 3 B) . This suggest 
that the lack of B7 costimulation did not tolerize the entire 
population of MBP-specific T cells. Alternatively, because these 



reagents only block B7 interactions with CD28 and CTLA-4, 
other costimuiatory pathways were still intact and able to medi- 
ate the induction of MBP-specific T cells (44. 45). The B7 
blocking reagents were present during the entire 10-d period of 
culture following the initial antigenic stimulation, in order to 
prevent costimulation in trans from APC present during this 
period. It should also be noted that our previous study showed 
that when CTLA-4Ig was present during both in vivo prim- 
ing and in vitro culture that subsequent MBP-induccd LNC 
proliferation and IL-2 secretion were essentially completely 
blocked (7). 

The ability of either CTLA-4Ig or «CD80 plus cxQDB6 to 
inhibit the proliferative response of long-term MBP-specific T 
cell lines was also examined- Unlike the marked inhibition seen 
with MBP-specific LNC. the proliferative response of the T cell 
lines was only minimally inhibited ( < 15% inhibition, data not 
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Fij?u/*c? 2. aCD80 und aCD8<6 to- 
gether suppress IL-2 secretion in 
cultures of MBP-specific LNC. 
M ftP-specific LNC were obtained 
as described in Mctfuhls and', cul- 
tured with MBP ( 25 Mg/mO in the 
presence of CTLA-4I* ( 5 ug/]ml ) » 
chimeric IgCl (5 /ig/ml).aCD80 
and erCD86 ( \ ug/ml each) j or 
the appropriate control antibodies. 
Cells were also cultured in the ab- 
sence of additional MBP. Super- 
natant were harvested after 20 h. 
JL-2 levels were determined using 
the IL-2- dependent cell line; 
CTLL.EV. Results are representa- 
tive of several independent experi- 
ments. Carry over of antigen from 
the in vivo priming accounts for 
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Figure 3. Antigenic restimularion of MBP-specific LNC 
initially stimulated in the presence of anti-B7 reagents. 
Mice were primed with MBP in the absence of costirnu- 
laiory receptor blockade, and draining LN harvested on 
day 10. MBP-specific LNC were then stimulated in vitro 
in the presence of oCD80 and <*CD86 or CTLA-4Ig as 
described in Fig. 2. Following the initial stimulation. T 
cell lines were cultured with syngeneic, irradiated spien- 
ocytcs as previously described (42). Cells were cultured 
with the same concentration of either aCD80 and ! 
aCD86 ( 1 pig/ml) or CTLA^Ig (5 n$fm\) for 10 jd. 
Cell lines were then restimulatcd with MBP (25 ^g/ 
ml) and various concentrations of anti-B7 reagents: in 
A. MBP-specific LNC initially stimulated in the pres- 
ence of chimeric IgGl or CTLA-4Ig were restimulated 
in the presence of MBP and various concentrations; of 
CTLA-4lg as indicated. In fl. MBP-specific LNC ini- 
tially stimulated in the presence of 0CD8O and «CB86 
or control antibodies were restimulated in the presence 
of MBP and various concentrations of aCOSO and , 
&CD86 as indicated. In A and B, baseline proliferation 
of ceil lines in the absence of MBP was under 5 x |0 J 
in all cases. In (C). MBP-specific LNC were initially 
stimulated with MBP in the presence of the following 
reagents: CTLA-4Ig (5 ngtrcA), chimeric IgGl (5 /ig/ 
ml ) , oCD80 and orCD86 ( 1 peg /ml), or control antibod- 
ies. Upon rcsnmulaiion with MBP, after 20 h t super^a- 
tants were harvested and IL-2 levels determined using 
the CTLL.EV cell line. IL-2 production by cells initially 
stimulated with MBP in the presence of chimeric lgGl, 
but not receiving antigenic restimulaaon is also shown. 
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Figure 4. Distinct effects of addition of anti-B7 reagents 
during in vitro activation of MBP-specinc LNC. LNC 
obtained 1 0 d after immunization with MBP/CFA were 
activated in vitro with MBP (25 jjg/ml) and anrt-B7 
antibodies. LNC were activated in the presence of anti- 
CD80 Or mouse IgG2a control mAb (5 ug/mi) (A). 
anu-CD86 or rat IgG2a control antibody (5 /ig/mJ ) ( tfj. 
or anti-CD80 plus anri-CDS^ or control antibodies ( I 
*ig/ml each) (C). 30 million cells were injected i.v. 
into naive recipients on day 0- Mice were examined 
daily and a mean clinical score wis assigned for each 
group of five mice. In A, there was no difference in 
disease course between the two groups of mice (P 
> 0.05 ) . Significant differences between groups were 
noted in B for days 21-40 (P < 0.01 ) and in C for 
days 1 -40 (f < 0.01 ). The incidence of clinical disease 
during the observation period is indicated next 10 the 
corresponding clinical course. 



shown). This is consistent with, the results above and prior 
reports suggesting that B7 costirnuiation is most important for 
naive T cells (46, 47) . Furthermore, these results are consistent 
with those of others which suggest that the priming of Th2 cells 
is more dependent upon B7 costirnuiation than Thl cells 
(16, 48). 

Adoptively transferred EAE with T cells that have been 
activated in vitro in the presence of aCD80 and/or &CD86. 
Although either aCDBO or «CD86 alone did not inhibit MBP- 
specific T eel! proliferation in vitro, the possibility existed that 
one of these iigands specifically provided an important costimu- 
latory signal necessary to determine encephalitogenicity. As 
shown in Fig. 4, the presence of either aCD80 or aCD86 alone 
( 10 fig/ml) during the activation of MBP-specific LNC in vitro 
did not result in a reduction in the severity of transferred £A£ 
during the first episode of disease. Interestingly, while the re- 
lapse was quite similar in groups that received anti-CD80 and 
control antibody (Ftg. 4 A), the relapse (days 25-35 posttrans- 
fer) was much less severe in mice that received MBP-specific 

LNC activated in the presence of anti-CD86 (Fig. 4 8). How- 
ever, consistent with the observations in vitro, the presence of 



both aCD80 and oCD86 resulted in a delay in the onset and 
reduction in the severity of clinical disease (Fig. 4 C). The 
near complete abrogation of adoptively transferred EAE in mice 
receiving cells activated in the presence of anti-CD80 plus anti- 
CD86 is consistent .with our previous results observed with 
CTLA-4Ig (7). 

In vivo administration ofCTLA-4Ig, aCDSO and/or aCD86 
in actively induced EAE. Although both CD80 and CD86 appear 
to be able to provide costirnuiation to encephalitogenic T cells 
in vitro, because these molecules are differentially regulated on 
various APC populations, we examined the effect of CTLA-4Ig, 
<*CD80 and/ or aCD86 on actively induced EAE. For disease 
induction, a model was chosen where (PL X SJL)Fi mice were 
immunized twice with MBP/CFA separated by one week. This 
regimen was chosen to avoid the confounding effects of pertus- 
sis toxin administration on disease induction (49, 50). 

In our initial experiment, CTLA-4Ig or chimeric control 
IgGl was administered every other day for 10 injections ( 100 
tig each injection Lp.), beginning the day before the first inunu- 
ruction. As shown in Fig. 5, not only was clinical disease not 
suppressed, (here was a substantial increase in disease from 
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Figure 5. Multiple injections of 
CTLA-4lg enhances actively in- 
duced EAE, Groups of 10 (PL 
x SJL)Fl mice were immunised 
on day 0 and day 7 with MBP/ 
CFA (indicated by arrows)^ Be- 
ginning on day -1. mice received 
either CTLA-4Ig or chimeric 
IgGl ( 100 /xg) every other day for 
a total of 10 injections. Micei were 
examined daily and a mean clini- 
cal score assigned. Comparing the 
two groups of mice for the entire 
course of disease, there was no 
significant difference [days li-45. 
(P > 0.05)]. however disease 
was significantly augmented; for 
days 25-45 ( P < 0.01 ) - Thejinci- 
dencc of clinical disease during 
the observation period is indicated 
next to the corresponding clinical 
course. 



days 30-45 postirnniunization in the CTL A -4Ig- treated group 
(P < 0.01). 

We next examined the effect of one injection of CTLA- 
4Ig, oCD80 and/or aCD86 administered 48 hr after the initial 
immunization. As shown in Fig. 6 4, a single injection of 
CTLA-4Ig (100 fig) suppressed the first episode of clinical 
disease, but not the subsequent relapse. On the other hand, one 
injection of <*CD80 ( 100 /ig) 48 h after the primary immuniza- 
tion resulted in almost complete suppression of clinical disease. 
Conversely, one injection of aCDS6 did not suppress disease, 
but rather resulted in modest disease exacerbation (Fig. 6 B). 
Finally, adrrmiistration of both crCDSO plus <*CD86 resulted in 
a delay in disease onset and reduced disease severity (Fig. 6 
C), although disease suppression was not as complete as with 
«CD80 alone. 

Discussion 

In this study, we examined the role of the members of the B7 
family, CD80 and CD86, in the prototypic, T cell-mediated, 
autoimmune disorder, EAE- There were several unexpected ob- 
servations, the most notable being the unusual dose response , 
of anri-CD80 plus anti-CD86 mAbs for inhibition of MBP- 
tnduced costimulation, and the observation that CTLA-4Ig itself 
can either exacerbate or inhibit disease, depending on the sched- 
ule of adrmnistration. 

First, following in vivo priming of mice with MBP, we 
asked whether either CD80 (B7-1) or CD86 (B7-2) was pre 
dominantly responsible for providing the costimulation for 
MBP-specific LNC. Neither aCD80 or oCD86 alone signifi- 
cantly inhibited the in vitro proliferative response to MBP (Fig. 
1 A). Although it has been suggested that CD86 may be the 
predominant coarirnulatory molecule in the B7 family (6, 51, 
52). blocking of either CD80 or CD86 alone had little effect 



on the proliferative response in vitro. In addition, unlike: the 
dose-dependent inhibition seen with CTLA-4Ig, the combina- 
tion of aCD80 plus OfCD86 resulted in the greatest inhibition 
of proliferation when present at the lowest dose tested. To test 
whether this observation might be due* to signal transduction 
through the B7 molecules themselves, we repeated the experi- 
ment using Fab fragments (Fig. I C). Similar to CTLA-4Ig, 
using the Fab fragments, a dose-dependent inhibition of T cell 
proliferation was observed, suggesting that the antibodies may 
be signalling through the B7 receptors. Future experiments will 
attempt to further define the possibility of signalling through 
B7 molecules. 

We next exarnined whether there was a difference in Ithe 
ability of anti-B7 reagents to inhibit the proliferative response 
of MBP-specific LNC versus T cell lines. Prior studies regarding 
the activation requirements of naive and memory T cells! in 
vino have produced conflicting results. One study temonstrared 
that naive T cells required a second signal to produce fL-2, while 
previously primed T celts needed only peptide-MHC complex 
stimulation to produce IL-2 (46) . Another study reported some- 
what similar findings in that memory cells were less dependent 
than naive cells on accessory cell costimulation (47). In con- 
trast, it has been suggested that dependence on costimulation 
is related more to the lymphokine secretion profile and less! to 
the T cell T s activation state (13). Our results arc in agreement 
with the former observations. Following in vitro stimulation .of 
MBP-primed LNC. restimulation of the MBP-specific T cells 
was not significantly inhibited (< 25%) by CTLA-4lg or the 
combination of «CD80 plus <*CD86 (Fig. 2, A and 5). Despite 
the fact that these encephalitogenic, MBP-specific T cells <irc 
of the Thl phenotype, it appeared that these cells became less 
dependent on B7 costimulation, presumably due to their prior 
stimulation in vino and/or in vivo. Similar observations have 
been made on the requirement of encephalitogenic T cells for 
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Figure 6. Administration of anti-B7 reagents in actively 
induced EAE. Groups often (PL x SJL)F1 mice were 
immunized with MBP/CFA on day 0 and re-immunized 
7 d later (indicated by thick arrows labeled MBP). Two 
days after the initial immunisation (indicated by thin 
arrow), mice received an i.p. injection of 100 fig of 
either CTLA-4Ig, anti-CD80 or mouse IgG2a (A >. ami- 
CO-86 or rat IgG2a (B). or both aoti~CD80 and and* 
CD86 or control antibodies (C). Mice were examined 
daily for clinical signs of disease and a mean clinical 
score assigned. In A significant treatment differences 
were noted between control IgG and CTLA-4lg (P 

< 005) and between control IgG and anti-CD80 (P 

< 0.01). Significant differences were also observed in 
$ (P < 0.05) and in C (/> < 0.01 ). The incidence of 
clinical disease during the observation period is indi- 
cated next to the corresponding clinical course. 



cosdmularion through the CD4 molecule (53), Lymph node 
cells sensitized to MBP were much more sensitive to the inhibi- 
tory effects of anti-CD4 on their proliferative response than 
MBP-specific T cell lines, suggesting that T cell lines were less 
dependent on an interaction through the CD4 molecule. As wc 
had previously demonstrated for CTLA-4Ig (7), the combina- 
tion of &CD80 plus orCD86 during antigenic stimulation in vitro 
did not result in tolerance induction at the dose used, as upon 
subsequent antigenic stimulation with MBP these T cells pro- 
duced IL-2 (Fig. 3 C). 

The addition of anti-B7 reagents during the activation of 
MBP-specific LNC in vitro and in vivo did have differing effects 
on their encephalitogenicity (Figs. 4 and 6). The presence of 
orCt>80 during in vitro activation had no effect on subsequent 
encephalitogenicity. crCD86 presence during in vitro activation 
of MBP-specific LNC did not inhibit the initial episode of clini- 
cal disease, but animals that received these cells did not develop 
the severe relapse suffered by animals that had received cells 
activated in the presence of control antibody. It is possible that a 
specific population of T cells or APC may be depleted following 
administration of ano%B7 antibodies. This observation could 



also be consistent with a model whereby unopposed CD80 co- 
stimulation results in a negative signal, and therefore, dimin- 
ished disease severity. Alternatively, such cells may become 
insensitive to CD86 costirnulation, relying on other pathways, 
so that subsequent CD86 costirnulation does not reactivate these 
cells. This would be a particularly intriguing possibility in the 
EAE model, where the extracellular domain of CNS molecules 
such as myeJ in-associated glycoprotein and the axonal glyco- 
protein TAG- 1 display homology with the extracellular domain 
of B7-2 (6). Thus, EAE-inducirtg cells localized to the CNS 
might utilize molecules homologous to B7-2. Such a possibility 
might also suggest mat aCD86 might be effective in preventing 
disease relapses, if such costirnulation played a role in reactivat- 
ing encephalitogenic T cells. 

Because addition of both orCD80 plus aCD$6 at the doses 
used did not completely inhibit T cell encephalitogenicity (Fig. 
4 C). it was possible that the inability to completely inhibit 
activation was due to costirnulation provided by another co- 
stimulatory pathway. Alternatively, because of the in vivo prim- 
ing, these cells were, in fact, no longer naive and required less 
costirnulation. To examine whether in vivo administration of 
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CTLA-4!g could inhibit the in vivo priming of naive lympho- 
cytes, we gave CTLA-4I* every other day for 10 injections, 
starting one day before the first immunization in an active model 
of 6AE. Paradoxically, animals that received CTLA-41g actu- 
ally developed more severe disease while consistent with our 
previous results, a single injection of CTLA-4(g resulted in 
substantial clinical protection. Interestingly, transgenic mice 
that expressed a soluble form of murine CTLA-4 demonstrated 
enhanced expansion of antigen-specific CD4+ T cells (54). In 
that report, animals that received two immunizations separated 
by one week developed the most dramatic expansion of antigen- 
reactive cells, which is very similar to our model used. This 
suggested that frequent administration of CTLA*4Ig t or expres- 
sion of such a transgene, resulted in the use of other costimula- 
tory pathways. Alternatively, the constant presence of CTLA- 
4Ig may prevent the delivery of a subsequent negative signal 
via B7 ligands (36-38, 55). 

To differentiate these possibilities, wc performed a scries 
of experiments where we gave only one injection of CTLA4- 
Ig or oCD80 and/or «CDS6 48 h. after the initial immunization 
with MBP. This time point was chosen because this would be 
when B7-1 expression would be upregulated, but significantly 
after the peak expression of B7-2. In addition, this time was 
previously found to be optimal for the induction of allograft 
tolerance (56). Interestingly, one injection of CTLA-4Ig re- 
sulted in inhibition of the first episode of disease, yet subsequent 
relapses were unaffected (Fig. 6 A). aCD80, administered at the 
time this ligand would be expected to be upregulated, resulted in 
dramatic inhibition of clinical disease. In contrast, one dose 
of oCD86 mildly exacerbated clinical disease. This result is 
consistent with the recent observation that «B7-1 administered 
over several days reduces the incidence of EAE, while <*B7-2 
increased disease severity (57). 

These results suggest several possibilities. One is that inhibi- 
tion of CDSO's initial costimulation blocked an important factor 
related to the development of encephalitogenictty. This could 
include the development of an MBP-specific T cell of the Thl 
phenotype, which appears to be necessary to transfer EAE (8, 
9). Such a possibility has recently been suggested for results in 
the EAE model ( 57 ) , however in another model of autoimmune 
disease, the nonobese diabetic mouse model, *B7-2 treatment 
was protective while aB7A accelerated disease (58). This 
would suggest that the concept that B7-I costimulattoa prefer- 
entially results in development of Thl cells, while B7-2 results 
in the development of Th2 cells may be overly simplistic. Alter- 
natively, allowing certain APC populations to give initial CD$6 
costimulation, which should be expressed as early as 6 hr. after 
the antigenic Stimulus, may activate encephalitogenic precursors 
through CD28« but then subsequent inhibitory signals which 
might be delivered through CTLA-4 may have been blocked 
by the administration of oCD86 at 48 hr, after the initial immu- 
nization. Finally, our results suggest that the B7 receptors then> 
selves may transduce signals, given the unusual dose response 
observed for the inhibition of MBP-induced T cell stimulation. 
Our results demonstrate that complex costimuiatory interactions 
occur in immunopathologic states such as EAE. 
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